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PRESIDENTIAL ADDRESS 


Comparative Chemistry and Phylogeny of 
Flowering Plants 


By R. DARNLEY GIBBS, F.R.S.C. 


I. INTRODUCTION 


HERE are about 150,000 angiospermous flowering plants with which 

the systematic botanist has to cope. These may be classified arbi- 
trarily; first, perhaps, into herbs, shrubs, and trees (as the ancient work- 
ers did), and then again into smaller categories. For many purposes such 
a largely artificial system may be used, and nearly all “floras” are pro- 
vided with “keys” for the supposedly easy identification of plants unrecog- 
nized by the reader. These keys employ as a rule easily seen morphological 
characters such as leaf-shape and arrangement; colour, numbers, and rela- 
tive positions of the parts of the flowers; nature of the fruit and seed; and 
so on. Plants are grouped by these keys into categories which are often far 
from natural, but this does not matter, for the aim of the person who con- 
structs the key is to enable the user (who is often an enthusiastic amateur) 
to identify the plants concerned, not to reveal their relationships. 

Serious taxonomy also makes use of these largely morphological charac- 
ters, and rightly so, but they may not be sufficient when questions of phy- 
logeny are involved. Thus we find that competent and often highly intel- 
ligent systematists disagree one with another, not alone on minor matters, 
but even upon major categories. 

To a limited extent they have turned to other criteria, eight of which 
are considered briefly below, but even with the help of these the major 
“systems” differ considerably. One has but to compare the Engler system 
in its latest modifications (as outlined by Lawrence, 1951). with that of 
Hutchinson (1926 and 1934, and as modified in 1948), to see how funda- 
mental are the gulfs between them. 

Once a system has been widely adopted it has the effect of “freezing” 
systematics. Great herbaria cannot easily change their classifications, any 
more than a large library can (and herbaria are much like reference 
libraries). Teaching also is geared of necessity to a particular system, and 
generation after generation is indoctrinated with it. So we find that in 
Britain the effects of the system of Bentham and Hooker (1862-1883) 
have long outlived any genuine belief in the classification as a whole. The 
system of Engler and Prantl, as outlined in the first edition of Die natiir- 
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lichen Pflanzenfamilien (1887-1915) and modified successively to the 
form adopted by Lawrence (1951), is still largely used, though most of 
us disagree with it in great part. 

The “sexual” system of Linnaeus was once accused of holding up 
botanical progress for a century, and Harvey-Gibson (1919) levels a 
similar accusation at that of Engler. “I have no hesitation in prophesying 
that in years to come botanists will regard Engler’s system as having done 
as much to retard the attainment of a true phylogenetic classification of 
Angiosperms as Linnaeus’s sexual system retarded a natural classification, 
as it was then understood, in the eighteenth century.” 


With these thoughts in mind we have turned to one particular weapon, 


comparative chemistry, to see what, if anything, it can do to help us toward 
the attainment of a true phylogeny of flowering plants. The idea behind 
it is simple: that closely related plants will have a similar chemistry, and 
that as we deal with plants more and more widely different we shall find 
their chemistries to differ correspondingly. This idea is not new to us. 
Greshoff, writing in 1909 of the importance of “comparative phyto- 
chemistry” for taxonomy, says: “Strictly speaking one might demand that 
every accurate description of a genus or of a new species should be accom- 
panied by a short ‘chemical description’ of the plant.” McNair (1935) 
has a paper entitled “Angiosperm Phylogeny on a Chemical Basis.” One 
might note also Florkin’s review (1952), rather misleadingly called “Com- 
parative Biochemistry.” Except for some reference to symbiotic bacteria, 
etc., this paper deals entirely with animals, but it does employ the same 
kinds of argument. 


II. CrirertaA OTHER THAN COMPARATIVE BIOCHEMISTRY 
In this section we shall examine briefly some of the criteria, other than 
comparative biochemistry, that may be employed in the search for a true 
phylogeny of flowering plants. As considered here they are eight in number 
and vary (not necessarily in the order given) from being generally useful 
to being applicable only in very limited areas of the field. 


(i) The Fossil Record and Phylogeny 

Since the object of phylogenetic studies is to arrange organisms in tem- 
poral series it might be thought that the fossil record would be of para- 
mount importance. In some groups the fossil record is relatively complete 
and a definite and incontrovertible story may then be told. In the case of 
the Angiosperms—-Monocotyledons and Dicotyledons—the record is ex- 
tremely unsatisfactory. We do not even know the immediate ancestors of 
these plants. Darwin, in a letter to J. D. Hooker dated July 22 [1879), 
wrote: “The rapid development as far as we can judge of all the higher 
plants within recent geological times is an abominable mystery”’—and a 
mystery it remains to us three-quarters of a century later. 

One argument that has been advanced to account for the incomplete- 
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ness of the record is that the early Angiosperms were upland plants of dry 


regions and were therefore not in a position to leave fossils. Arnold, writ- 
ing in 1947, says that this is untrue “because the oldest angiosperms 
known to us with certainty are water lilies.” 

It is true that there are indications in the rocks of the rapid increase, 
both in numbers and in kinds, of the flowering plants. Thus in the Lower 
Cretaceous, where the Angiosperms first become prominent, a series from 
below up in the Potomac beds shows a flora which is about 6 per cent 
angiospermous in the Patuxent, about 17 per cent angiospermous in the 
Arundel, and 25 per cent angiospermous in the Patapsco. Even in the 
Lower Cretaceous, however, there is a bewildering variety of forms, almost 
all essentially like modern plants, and Arnold says that 


the early Cretaceous angiosperms indicate the antiquity (although not neces- 
sarily primitiveness) of certain families such as the Nymphaeaceae, Salicaceae, 
Ebenaceae, Menispermaceae, and others the occurrence of undoubted 
monocotyledons in the early Cretaceous in direct association with dicotyledons 
shows that as far as the fossil sequence is concerned the groups are of about 
equal antiquity, and that neither is noticeably of more recent origin than the 
other. 


Another difficulty is that there has been much mis-identification. Better 
methods and further finds have made this clear. 

We cannot be sure, of course, but we may reasonably expect that the 
chemistry of early angiosperms was much like that of modern plants. 
When fossil leaves of Platanus are found to be among the oldest known 
remains of dicotyledons we may speculate as to whether the original leaves 
had as much HCN as those of their London descendants today (p. 12) ! 


(ii) Cytology and Phylogeny 

We are most of us familiar with at least some aspect of the use of cyto- 
logy in taxonomy and phylogeny. It has long been possible to study the 
behaviour of dividing cells, to note the size, shape, and number of the 
chromosomes so evident during division, and to apply the findings to prob- 
lems of relationship. One or two examples must suffice here. 

Smith (1931) studied the cytology of Anchusa L., Brunnera Stev., and 
Caryolopha Fisch. & Trautv., genera which have sometimes been com- 
bined under Anchusa, and concluded that his results supported Johnston 
in keeping the genera distinct. 

It is apparent that Johnston’s changes in classification are fully substantiated by 
the microscopical observations, for both Brunnera and Caryolopha differ 
markedly from each other and from Anchusa in size, type and number of 
chromosomes. Nevertheless, while recognizing that collectively these differ- 
ences justify the generic changes, there is to be seen a definite similarity be- 
tween certain chromosomes of all three genera which may possibly indicate 
the moderately close relationship which Johnston assumes exists between them 


A second example is Taylor's extensive work (1945) on the cyto-tax- 
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onomy and phylogeny of the Oleaceae, a family which we shall consider at 
some length in another section of this review (p. 20). He points out that 
Knoblauch, who monographed the family in the first edition of Die natiir- 
lichen Pflanzenfamilien (1892), using chiefly fruit-characters, divided it 
into two sub-families, Jasminoideae and Oleoideae. There are many ex- 
ceptions, Taylor says, when one tries to employ these characters, and he 
concludes that though the division into the two sub-families is valid “chro- 
mosome number is a more reliable characteristic than any other for separa- 
tion.” And: “All the members of the 23-chromosome group very probably 
have a common origin from an allopolyploid ancestor. ‘These genera form 
the most natural group, the Oleoideae, while the other genera, which con- 
tain the most primitive forms make up a rather heterogeneous group, the 
Jasminoideae.” 


(iii) Embryology and Phylogeny 

Strictly speaking the term “embryology” should be applied to the de- 
velopment of the young sporophyte (“embryo”) following fertilization. 
In practice, however, it is used in a wider sense to include also studies of 
the male and female gametophytes (germinated pollen-grain and ‘“‘embryo- 
sac” respectively) and associated tissues. 

Nearly related plants, as might be expected, usually show great similar- 
ities in their “embryology,” and this fact has been made use of in phylo- 
genetic studies. We may note a single example here. 

The family Oenotheraceae or Onagraceae is a moderate-sized one of 
about 20 genera containing 650 species. It includes such well-known plants 
as the Evening Primroses, Fuchsias, Fire-weed (Epilobium), and Clarkia. 
An aquatic genus Trapa L., is also included here by many authors. Now 
the embryo-sacs of the Oenotheraceae are said to be constantly tetranuc- 
leate, a most unusual state of affairs: most embryo-sacs, including that of 
Trapa, are 8-nucleate. This has been advanced as one argument for mak- 
ing a separate family——Trapaceae or Hydrocaryaceae—for Trapa. Thus 
Khan (1942) says: 


The universal occurrence of the tetranucleate embryo-sac in the Onagraceae 
has made this family especially interesting to the student of morphology, the 
fact being regarded as so significant that the only exception, Trapa, which has 
an 8-nucleate embryo-sac (Ishikawa, 1918) has been placed in a separate 
family, the Hydrocaryaceae (see Engler, 1936, p. 306)... . Besides the 
Onagraceae, a 4-nucleate embryo-sac occurs only in Plumbagella. All other 
cases are doubtful and need re-investigation. 


We shall see later (p. 17) that Trapa differs from the Oenotheraceae in 
yet another character; it lacks the raphides which are so widely distributed 


in that family. 

The embryologists are sensitive about their specialty. Thus Just (1946) 
writes: “Embryological data need not be accorded more recognition than 
other taxonomically valuable characters. ‘They do, however, deserve their 
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rightful place among the others, a position they have not yet attained in 
the eyes of all botanists.” In the paper from which we have quoted he 
attempts to show the use of “embryological formulae” (which may be 
likened to “floral formulae”) as a kind of shorthand. Thus, the formula 
for the Alismaceae would read: 


Ta, Psu/3 ((Ov)) 6, ESal, Ehe/nu, Em sag. 
This means that the anther tapetum is of the amoeboid type; the divisions 


of the pollen-mother-cell are successive; the pollen-grains are 3-nucleate at 


> 
be 
the time of shedding; the ovule is anatropous and has 2 integuments; a parietal 


cell is absent (6); the embryo-sac development is of the Allium type; the 
endosperm is of the Helobiales or nuclear type, the embryo is of the Sagittaria 
type. ane i. ee 7. 

Just contrasts the embryological formulae for Trapa and for the Ona- 
graceae, that for the former being incompletely known: 

Trapa Ov) )c, Ar! ESn, Em/su [incomplete| 

Onagraceae ‘Tg,Ps/2, ((Ov))c, Ar!—Ar o, ESoe, Spo, Enu, Emo 


iv) Palynology and Phylogeny 


Erdtman, in his recent book (1952) defines and discusses palynology 
as follows: 


Palynology, a term coined by Hyde and Williams (Hyde, 1944) means 
pollen and spore science. It deals chiefly with the walls of pollen grains and 
spores, not with their live interior. . . . ‘To basic palynology can also be re- 
ferred investigations of pollen and spore dispersal, preferably by wind and 
water, of the pollen and spore content of peats and sediments, etc. under 
formation. By investigations of the latter kind keys are provided for unlocking 
certain problems of applied palynology, viz. the history of plants and plant 
communities through the ages. 

The broad contact between applied palynology and plant taxonomy does 
not call for introductory comments. A cautious approach to this field may be 
made through investigations showing whether taxonomical amendments on a 
megamorphological base can be confirmed by palynological evidence or not. 


This last sentence is the one which most concerns us here. Micro- 
morphological studies—-of pollen grains, for example—-are of assistance in 
settling problems of taxonomy which have arisen as a result of the appli- 
cation of traditional megamorphological methods. Let us see what the 
palynologists have to offer along these lines. 

Wodehouse (1935), writing of the pollen grains of the maples (Acer 
spp.), says: “The general surface of the exine is always conspicuously 
granular, and in the grains of all species, except those of A. Negundo, the 
granules are arranged or tend to be arranged in rows, giving the exine a 
more or less striate appearance.” Now we are particularly interested in the 
maples and have been looking for chemical and other differences between 
A. Negundo and its close relatives on the one hand and the remaining 
species of Acer on the other. We therefore wrote to Dr. Wodehouse to 
inquire if he had tested other species of the Negundo group: unfortunately 
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he had not. In the meantime we have got some evidence that the Negundo 
group is perhaps sufficiently different chemically to warrant resurrecting 
the generic name Negundo (see Towers and Gibbs, 1953, and p. 41 of the 
present review ). It is to be hoped that the pollen of these plants will receive 
further attention. 

One example from Erdtman (1952) must suffice here. The position of 
the Cactaceae is in doubt, but there are chemical and other grounds for 
believing that the family is related to those of the Centrospermae (p. 16 
rather than to those of other orders to which it has been referred. Erdtman 
says of the pollen-grains of the Cactaceae: 


Apertures and sexine details in Cactaceae (Opuntia subgen. Platyopuntia ex- 
cepted) exhibit the same characters as those of the bulk of Centrospermae 
Aizoaceae, Phytolaccaceae, Portulacaceae, etc.). The grains in Loasaceae, 
Saxifragaceae (Ribesioideae), and Sonneratiaceae are + different and so, 
it would appear, are the grains of Cucurbitaceae. 


v) Physiology and Phylogeny 

It is hard to draw the line between biochemistry and physiology and it 
is therefore a moot point whether differences in water-content should be 
regarded as chemical or physiological differences. 

As a result of a study of the seasonal changes in water-content of the 
twigs of several members of the Juglandaceae some years ago, we reported 
Gibbs, 1948) that distinct generic patterns appeared. Four species of 
Juglans behaved similarly, two species of Carya resembled each other in 
behaviour but differed clearly from Juglans, while Pterocarya seemed to 
be physiologically (as it is taxonomically?) nearer to Juglans than to Carya 
(Fig. 1). It is of interest to note that similar differences may appear in 
the seed-fats of Juglans and Carya (see p. 37 and Table VII 


(vi) Parasitism and Phylogeny 


The plant hemi-parasites, which attach themselves to the roots of their 
hosts and which make some food for themselves, are often wide-ranging. 


The Bastard ‘Toad-flax (Comandra umbellata), for example, is said to 
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Ficure 1 Seasonal changes in water-contents of twigs of the Juglandaceae. Solid 
lines—4 spp. of Juglans; dashed lines—2 spp. of Carya; crossed line—Pterocarya 
rhoifolia (wrongly reported as Pt. fraxinifolia in Gibbs (1948) ). 
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attack forty-five different hosts in Colorado alone! ‘Total parasites such as 
the Broomrapes (Orobanche spp.), on the other hand, are much more 
specific, each species attacking but one or a few kinds of plants. 

Those parasites which have thus become highly specialized are, we may 
be sure, adapted to the chemistry and physiology of their hosts. It is there- 
fore likely that groups of closely related parasites will attack groups of 
closely related hosts. It is but a step to imagine that we may get clues to 
the relationships of host organisms, plant and animal, from a study of 
their parasites, and vice versa. 


Cameron has discussed this interesting aspect of parasitism in at least 


two papers (1950, 1952). In the earlier paper he writes: 


As host specificity probably depends on the suitability of the biochemical en- 
vironment and as similar environments are most likely to occur in phylo 
genetically related hosts, their parasites are most likely to have related meta 
bolic requirements. The more specialized both in habit and habitat the 
parasite, the more probable this will be, and it is sometimes possible to recon- 
struct from this kind of information the evolutionary background of the para- 
site itself. Related hosts tend to have related parasites. 

Especial attention should be paid to the apparent exceptions because 
they are the real clues, the real tests to the rules—and this requires a much 
greater enthusiasm for parasites than has existed in the past. However, it does 
help to direct attention to the value of a true taxonomy and to stress, not only 
the importance of integration of all branches of biological science, but the 
need for synthesis as well as analysis in that integration. It helps to draw 
attention to the fact that parasites are part of the hosts’ environment and may 
evolve with it and that a better understanding of these very intimate associa- 
tions may help to untangle the complicated relationship of their hosts. 
[Italics ours. } 


Savile and Calder (1953) have made some use of the taxonomy of the 


parasitic smut fungi in their studies of the phylogeny of the large and 
difficult genus Carex. They write: 


The species and variety concepts employed in the study of these smuts have 
an exacting morphological basis. It is accordingly believed that the taxa used 
are essentially natural and that the smut relationships provide a biochemical 
tool of real significance 


They consider, for example, that the evidence, derived in part from a study 
of the smuts, indicates that the group Montanae within Carex is a natural 
one: 


Heilhorn’s suggestion that the Montanae may be an unnatural section cannot, 
however, be sustained. The few smuts seen on European Carex pilulifera and 
C. montana are in the same group of intergrading varieties of Cintractia 
caricts as those attacking various Montanae in North America: and morpro- 
logically the section appears homogeneous. 


Finally we may notice that one argument in favour of the idea that the 
little family Empetraceae is related to the Ericaceae is the occurrence of 
the rust Chrysomyxa Unger upon members of the two families (Good, 
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1925-7). Other arguments for linking them are discussed elsewhere in the 
present review (p. 31). 


vii) Grafting and Phylogeny 

A graft may almost be likened to a parasite. The scion—the “‘parasite’’— 
grows upon the stock—its “host,” and absorbs materials from it. Unless 
scion and stock are “compatible” union does not occur and the scion dies. 
In general scions grow only upon stocks of closely related plants and we 
may suppose that chemical as well as other factors are involved. Inter- 
specific grafts are not uncommon and intergeneric grafts are possible in 
some cases, as in the Cactaceae. 

An interesting note on intergeneric grafts is that of Herrmann (1951). 
He grafted Picea on Abies and vice versa; Picea on Larix, on Pseudotsuga, 
and on Pinus. These are all within the family Pinaceae. Among dicoty- 
ledons he reported grafts of beech and of chestnut upon oak, all in the 
Fagaceae. ‘Two leguminous genera also were successfully grafted— Hali- 
modendron and Caragana. 

A systematic study, comparable with those made in hybridization, might 
well throw interesting light upon suspected relationships. It is obvious, 
however, that the method has very limited possibilities. 


viii) Anatomy and Phylogeny 

Logically, perhaps, this section should have been placed after a mention 
of gross morphology and before our section on cytology and phylogeny. 
There is no logical order, however, for some of the other criteria in our list. 

It has been possible to study anatomy ever since the invention of the 
compound microscope at the end of the sixteenth century, and a great 
mass of anatomical data is available. Much of this was gathered together 
many years ago by Solereder, and for the Dicotyledons it has been extended 
to 1950 by the monumental work of Metcalfe and Chalk. Yet, in the two 
large volumes of that publication {the bibliography alone has 2535 cita- 
tions) we are told over and over that information for certain groups is 
scanty and incomplete! Our debt to that work, however, will be made evi- 
dent by our repeated references to it. 

Feeling that Dr. Metcalfe might consider some one contribution of 
anatomy to the problems of phylogeny to be outstanding, we asked him to 
name such a contribution. He writes*: “My feeling is that the anatomists, 


especially I. W. Bailey and his associates, have done a most useful piece of 


work in providing a tool for the study of phylogeny, but it has not yet been 
applied sufficiently widely for any comprehensive picture of angiosperm 
phylogeny to be constructed.” 

Anatomy has its difficulties, too. There are some angiospermous woods 
that are vessel-less. Are they all primitively so, or are there cases in which 
plants have lost, secondarily, the ability to produce vessels? Are the vessels 


*Personal communication, May, 1954. Quoted with permission. 
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of the Gnetales directly comparable with those of the Angiosperms? ‘The 
student of comparative anatomy must solve problems such as these if his 
work is to be of real value in phylogeny. We believe that the anatomists 
have solved, beyond reasonable doubt, these particular problems. 

Stomata are of great interest in this connection. We may distinguish 
ranunculaceous, cruciferous, rubiaceous, and caryophyllaceous types, and 
the possession of stomata of a particular type may sometimes be a valuable 
clue to relationship. 


III]. COMPARATIVE CHEMISTRY AND PHYLOGENY 


It is now appropriate to turn to the use of comparative chemistry in the 
field of phylogeny. No review such as this can hope even to touch upon 
all aspects of the subject. We shall deal in order with the occurrence of 
HCN, of raphides, and of catechol tannins (if they are indeed responsibie 
for the positive HCl/methanol reaction). After that a single order, the 
Parietales, will be briefly considered from the standpoint of a knowledge 
of all three of these factors. 

We turn then to a brief discussion of the seed-fats of a few plants 
Palms, Walnuts, and the Flacourtiaceae. The botany of a couple of alkal- 
oids—colchicine and protopine—is next touched upon. 

The family Aceraceae has been studied in some detail by us, particular, 
as to the chemistry of its lignins, so it is given a small section of its own. 


1. Hydrocyanic Acid (Prussic Acid, HCN 


We must distinguish here between the presence in the plant of HCN as 
such and its occurrence in so-called cyanogenetic or cyanophoric glyco- 
sides. At one time it was thought that free HCN is common—perhaps 
universal—in plants, but the modern view is that HCN is almost always 
present as glycoside. Gortner, for example, says (1949): “Uncombined 
HCN has been found in plants in a few instances, but it is extremely rare, 
and the presence of HCN may be considered as evidence of the presence 
of a cyanophoric glycoside.” 

From our point of view it is important, if the occurrence of HCN is 
to be used as a guide to phylogeny, that it be restricted in its distribution. 
It seems to meet this requirement. About fourteen cyanogenetic glycosides 
have been described (Mcllroy, 1951); these, with their hydrolysis pro- 
ducts, and the names of those usually credited with their discovery or 
characterization, are listed in Table I. 

Some of these compounds are very restricted in their distribution, others 
probably are of wider occurrence; but in many cases we know only that 
a cyanogenetic glycoside is present: we do not know which one. 


Our own records, which are far from complete, report the occurrence 


of HCN in about 327 species, belonging to 157 genera. These are included 
in 49 families of dicotyledons and 6 families of monocotyledons. We are 
not concerned here with the lower plants, but HCN has been recorded in 
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rABLE I 


( YANOGENETIC GLYCOSIDES 


Glycoside Hydrolysis products References 


\cacipetalin Glucose + dimethylketen cyano- Rimington (1935 


hydrin 


\mygdalin Gentiobiose + L-mandelonitrile Robiquet and Boutroncharlard 
(1830) ** 


Dhurrin Glucose + p-hydroxymandelonitrile Dunstan and Henry (1902) 
(Phyllanthin} 


Gynocardin Glucose + a diketone cyanohydrin Power and Gornall (1904) 


Hiptagin Glucose + hiptagenic acid (8-nitro- Carter and McChesney (1949) 
propionic acid) + COz, + NH; 


Karakin \n isomer of hiptagin Carter (1943) 


Linamarin Glucose + acetone cyanohydrin Dunstan and Henry (1904) 
(Phaseolunatin) 
Lotaustralin Glucose + methylethylketone Finnemore, Cooper and Stanley 
cyanohydrin (1938) 


Lotusin *Maltose cyanohydrin + lotoflavin Dunstan and Henry (1901) 
Prulaurasin Glucose + DL-mandelonitrile Hérissey (1905) 

Prunasin Glucose + L-mandelonitrile Hérissey (1907) 

Sambunigrin Glucose + D-mandelonitrile Bourquelot and Danjou (1905) 


Vicianin Vicianose + D-mandelonitrile Bertrand (1906), Bertrand and 
Weisweiller (1908) 


Zierin Glucose + m-hydroxymandelonitrile Finnemore, Reichard, and 
Large (1936)** 


*Or is it gentiobiose? 


**We have not been able to check these references. 


at least 7 genera of ferns (Greshoff, 1909; Petrie, 1912), as well as ina 
few of the fungi (Singer, 1949). It seems to be absent from a much larger 
number of plants, and some records of absence are noted elsewhere in this 
‘absence’ to remember 


‘ 


paper. We must be careful, however, in recording 


that cyanogenetic glycosides may be present only in certain parts of a plant, 


and may be missed if leaves alone (which are often the organ tested) are 
examined. Thus Greshoff (1909), writing of Anthemis, says: “It is remark- 
able that the cyanogenetic substance is limited to the seeds; we have never 
found it in the foliage.” 
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There is evidence, too, that in some cases HCN may be detected only at 
certain seasons or may vary greatly from time to time. Thus Treub (1907) 
found on the average fifteen times as much HCN in the young leaves of 27 
spp. as in aged leaves of the same plants. The task is thus multiplied by a 
time factor! 

While it is obviously desirable to use fresh material where possible, there 
are numerous occasions when one is driven to the examination of dried or 
herbarium specimens. A negative test in such cases may not be significant, 
but a positive one is. We have made tests on many herbarium specimens 
and a few positive results are quoted in Table II. 

It is evident that these glycosides may be very stable. We have sometimes 
had negative tests, however, on herbarium material of species which give 
positive results when fresh. Dried material, then, should be employed only 
when fresh specimens are unobtainable. 

Lotus (Tourn.) L., two species of which gave positive reactions after 
70 or 80 years (‘Table II), is well known as a cyanophoric genus. L. 
arabicus L. is said to have lotusin and lotaustralin; L. australis Andr. has 
lotaustralin; while L. coccineus (is this distinct from australis?), L. corni- 
culatus L., L. cytisoides L., and L. edulis L. have all been recorded as vield- 
ing HCN. We have found it, too, in the leaves of L. mascaensis Burchard. 
The closely related genus Hosackia Dougl. ex. Benth., which has about 30 
species in western North America (Abrams, 1944), is sometimes included 
in Lotus. It has not been available to us as fresh material, but we have 
obtained negative results from herbarium specimens belonging to 9 species. 
It is obviously highly desirable that fresh samples be tested, for it may well 
be that Hosackia differs chemically from Lotus. 


We are not concerned here with methods, nor with quantitative pro- 


cedures. The simple test employing sodium picrate paper is carried out as 
follows: 
TABLE Il 


CYANOGENETIC GLYCOSIDES IN HERBARIUM SPECIMENS 


Positive reaction 
recorded in fresh 
Species Herbarium specimen tested ‘action* material 


Lotus cytisoides L Ex herb. R. M. Middleton, 
Gibraltar, 1876 (flowering shoot) 


L. corniculatus L. Ex. herb. John Ball, England Petrie (1912) 
Ball died in 1889) (shoot 


Passiflora cinnabarina F. Muell., Australia 1891 (leaves) Petrie (1912) 
Lindl. 

Turnera palmeri Pringle, Plantae Mex., 1893 
S. Wats. (leaves) 


*Strongest reaction in fresh material designated as + +++. 
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A small amount (c. 0.5 gm. in our tests) of the fresh plant material is 
ground in a mortar with 2-5 ml. of water, a few mgm. of emulsin, and a 
few drops of chloroform. The mixture is placed in a test-tube fitted with a 
ground-in glass stopper. ‘To the underside of the last a pice of filter paper 
(previously dipped in saturated aqueous solution of picric acid and dried) 
is attached by means of melted paraffin wax. Before inserting the stopper 
the paper is dipped into a 10 per cent aqueous solution of sodium carbon- 
ate. If a cyanogenetic glycoside is present HCN is liberated and the bright 
yellow sodium picrate test-paper turns a dull red within from | to 48 hours 
or more, 

Many other investigators have employed substantially this method 
(which we may designate as Test A). There is one point, however, which 
is worth stressing. In our earlier tests the sodium picrate paper was held 
in a split rubber stopper. Unexpected “positive” results from species of 
Erica (see p. 30) led us to repeat our tests and we found that a rubber 
stopper, used for a genuine positive reaction, washed carefully and then 
re-used, might retain sufficient HCN to give a false “positive” reaction in 
a subsequent experiment. One wonders how many of the records in the 
literature have been derived from a similar procedure. We now use only 
all-glass reaction vessels as described above. 

Although we are not concerned here with quantitative procedures, it is 
interesting to note the amount of HCN which may be present (almost all 
in combination?) in the plant. Greshoff (1909), in his paper summarizing 
phytochemical investigations at Kew, has a striking way of recording the 
HCN content of Platanus: “Indeed, in the ordinary plane-tree of the 
London streets (P. acerifolia), there is so much hydrocyanic acid present 
that the amount from every London plane-leaf would be enough to kill a 
London sparrow.” In an earlier paper (1906-7) he says that a tree of 
Pangium edule may contain 350 gm. of HCN. 

We may now refer briefly to the phylogenetic aspects of the occurrence 
of cyanogenetic glycosides: 

a) Davidsoniaceae. Davidsonia pruriens F.v. Muell. has been placed 
in the Saxifragaceae and, more recently, in the Cunoniaceae. In 1952 
Bange proposed that it be made the type of a new family Davidsoniaceae, 


basing his proposal on its possession of alternate leaves, exalbuminous seeds, 


non-exserted stamens, stiff hairs, and epitropous ovules. HCN has been 
recorded in Ribes (4 spp.), Hydrangea (3 spp.), and Jamesia (1 sp.) of 
the Saxifragaceae, but not to our knowledge in the Cunoniaceae. It is 
present in Davidsonia (Petrie, 1912). 

b) Dysphaniaceae. The little genus Dysphania R. Br. has half a dozen 
species in Australia. Its position has long been debated. As recently as 1930 
Aellen reduced it to a section of Chenopodium. Brown (1810) placed it 
at the end of the Chenopodiaceae, Gundersen (1950) has it doubtfully in 
the Caryophyllaceae, Bentham (1820) put it in the Jllecebraceae, while 
Pax and Hoffman established a family—Dysphaniaceae—for it in 1927 
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and say in 1934 that it connects the Chenopodiaceae and Caryophyllaceae. 
We have no record of the occurrence of HCN in the Caryophyllaceae (it 
was absent in the only species tested by ourselves), but it has been found 
in Chenopodium cristatum by Webb (1949) and in one or two species of 
Dysphania (Smith and White, via Greshoff, 1909; Petrie, 1917). A care- 
ful examination of this whole complex is greatly to be desired (see also 
p. 16). 

(c) Corynocarpaceae. As accepted today, this little family has a single 
genus Corynocarpus Forst. 

According to Hemsley (1903, 1904) Corynocarpus has been placed in 
the “Berberides” (Jussieu, 1789), the Myrsinaceae (G. Don, 1837), the 
Theophrastaceae (A. de Candolle, 1844), the Anacardiaceae (Hooker, 
1852), and the Corynocarpaceae (Engler, 1892). Van Tieghem, Hemsley 
points out, regarded the Corynocarpaceae as related to the Geraniales. 
Hemsley himself concludes that Corynocarpus is best placed in the Ana- 
cardiaceae: “With regard to the genus Corynocarpus, I am not sure that 
the reasons given for separation from the Anacardiaceae are strong enough. 
Apart from the absence of resin-ducts, there is nothing of importance, in 
my opinion, to keep it out of that order [we should say family].” Since 
Hemsley’s time we find the Corynocarpaceae referred to the Rosaceae 
(Hallier, 1912), to the Celastrales (Bessey, 1915; Gundersen, 1950; Pulle, 
1952), the Terebinthales (Wettstein, 1935), and the Sapindales (Krause, 
1942). Metcalfe and Chalk (1950) say: “The evidence from wood anat- 
omy lends no support to any relationship between the Corynocarpaceae 
and the Anacardiaceae. The wood does, however, have many points in 
common with that of the Berberidaceae.”’ 

The chemistry of the genus we are considering has not been fully investi- 
gated but Corynocarpus laevigata Forst. is known to have a cyanogenetic 
glycoside in which HCN is combined with benzaldehyde (Easterfield, 
1903, via Greshoff, 1906). It also has Karakin, a glycoside perhaps iso- 
meric with hiptagin and that has suggested a relationship to the Malpighi- 
aceae! Cyanogenetic glycosides occur in several of the groups to which it 
has been suggested Corynocarpus is related, in Rosaceae (at least 16 
genera), in Berberidaceae (2 genera—see (d) below), in Celastraceae 
(Kurrimia), and in Sapindaceae (at least six genera). We have no record 
of HCN in the Anacardiaceae, Myrsinaceae, or Malpighiaceae. 

d) Nandinaceae. Nandina domestica Thunb., the sole species of the 
genus Nandina Thunb., has been placed in the Berberidaceae by, among 
others. LeMaout, Decaisme, and Hooker (1875), Prantl (1891), Hutchin- 
son (1926). Gundersen (1950), Lawrence (1951), and Rendle (1938). 
In 1936, however, Nakai (quoted by Kumazawa, 1938—we have not 
seen Nakai’s paper) suggested a family Nandinaceae for this genus. Kuma- 
zawa agrees with Nakai: “The present writer now supports the view of 
Nakai’s believing the genus Nandina to be a representative of the distinct 
family Nandinaceae.”’ Nandina is known to contain the alkaloid berberine 
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as well as others peculiar to it. Now berberine is present in many of the 
Berberidaceae—Hydrastis (2 spp.), Berberis (11 spp.), Mahonia (8 
spp. but it is also of wider distribution, being found at least in the 
Menispermaceae (3 genera), the Ranunculaceae (3 genera), the Anno- 
naceae (1 genus), the Papaveraceae (3 genera), and the Rutaceae (4 
genera). The alkaloids nandinine, domesticine, isodomesticine, nantenine, 
and nandazurine, on the other hand, are not known to occur outside 
Nandina. 

Dekker (1906, quoted by Greshoff, 1906) has found HCN in Nandina 
and we have confirmed this, getting a very strong reaction from fresh 
young leaves. HCN is certainly not common in the Berberidaceae. We have 
been unable to detect it in the leaves of Berberis (4 spp.), Jeffersonia 
diphylla L.) Pers., Mahonia (3 spp.), Podophyllum (2 spp.), Caulophyl- 
lum thalictroides (L.) Michx., and Epimedium (1 sp.). We have, how- 
ever, found it is those of Bongardia rauwolfu C.A. Mey. 

The occurrence of HCN in a species of Bongardia, but not in Caulo- 
phyllum, is of particular interest. Prantl (1891) included Bongardia 
rauwolfia and Caulophyllum thalictroides in the genus Leontice L. with 
ten or twelve species. It will be of great interest to test the other species 
formerly assigned to Leontice, to see if similar chemical differences can 
be detected. 

Gundersen (1950) lists the chromosome numbers (n) of some of these 
genera as follows: Nandina 5; Diphylleia, Epimedium, Jeffersonia and 
Podophyllum 6; Berberis 7 or 14. Nandina seems to differ in chromosome 
number, then, from other members of the family. 


2. Raphides 

There are few chemical entities visible as discrete particles within the 
cell. Starch, of course, occurs as grains—often of characteristic form—in 
many plants, and starch grains of closely related species and even genera 
are similar. One may recall the classic work of Reichert (1913, 1919), in 
this connection. Lapachol appears as deposits in the wood of several genera. 
Dendritic crystals occur in many members of the Rutaceae, and Metcalfe 
and Chalk (1950) record these as “hesperidin (diosmin),’ but these are 


two distinct substances. Hesperidin is the £-7-rutinoside of hesperitin 

hesperetin, 5,7,3’-trihydroxy, 4’-methoxyflavanone ), while diosmin is 
the 7-rhamnoglucoside of diosmetin (= hyssopin, 5,7,3’ trihydroxy-4’- 
methoxyflavone). Gypsum crystals (calcium sulphate, CaSO4.2H2O) were 
found in all members of the Tamaricaceae (15 spp. belonging to 4 
genera), examined by Brunswick (1920). He says they are absent from 
the nearly related but distinct family Frankeniaceae (see Parietales, p. 33 


and from the Feuquieriaceae (which has sometimes been included in the 
Tamaricaceae): “Die Arten von Fouquiera (jetzt Fouquieraceae) en- 
thalten Keine Gips-, wohl aber Kalkoxalatkrystalle. Es ist dies ein neuer 
Beweis fiir die Berechtigung der erfolgten Abtrennung von Fouquiera als 
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eigene Familie. Auch die nahe verwandten Frankeniaceae fiihren bloss 
Kalkoxalat.”’ Gypsum occurs also in the Capparidaceae and Compositae 
(Metcalfe and Chalk, 1950). Perhaps the commonest crystals, however, 
are forms of calcium oxalate, and these have been much studied. We shall 
confine our discussion (as we have in general confined our observations) 
almost entirely to a particular form of calcium oxalate crystal, namely the 
so-called “raphides.”’ 

These are needle-shaped crystals, often very slender, which occur typi- 
cally in bundles in which the crystals are parallel to each other. Each 
bundle lies in a cell, often very large and characteristic, and when sections 
are made the raphides escape and are extremely obvious. It is not surpris- 
ing, then, that their occurrence is often noted by anatomists. Our records, 
far from exhaustive, show them to occur in about 35 families. Metcalfe 
and Chalk (1950) have two lists (pp. 1345), one of “raphides (not always 
distinguished from acicular crystals)’’ and one of “acicular crystals (not 
always distinguished from raphides).” The first contains the names of 26 
dicotyledonous families (our own list includes 7 families of monocoty- 
ledons, which are not dealt with by Metcalfe and Chalk). We may con- 
sider briefly the occurrence of these crystals in connection with taxonomy. 

(a) Spadiciflorae (Spathiflorae, Arales). Several families of mono- 
cotyledonous plants, the Palmae, Cyclanthaceae, Araceae, Lemnaceae, 
Pandanaceae, and Typhaceae, have been linked at one time or another 
(Table III). We have not as yet made a special study of these families but 
it is of interest to note that raphides are known to occur in all six. The 
distribution of raphides, then, is consistent with the view that all these 
families are related. It does not support a whittling down of the order. 


TABLE III 


FAMILIES INCLUDED IN SPADICIFLORAE (SPATHIFLORAE, ARALES, NUDIFLORAE) 
oF VARIOUS AUTHORS 


Pandana- Cyclantha- Lemna- 


Authors ceae T yphaceae ceae Palmae lraceae ceae 


Hallier (1912) Included Included Included Included Included Included 


Bentham & Hooker Included Included Included Included Included 
(1862-1883) 


Wettstein (1935) Included Included Included Included 
Pulle (1950) Included Included Included Included 
Rendle (1904, 1930 Included Included Included 
Hutchinson (1934 Included Included 
Lawrence (1951) Included Included 


Pulle (1952) Included Included 
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(b) Centrospermae. In the second edition of Die natiirlichen Pflanzen- 
familien this order is treated by Pax and Harms (1934) as including a 
dozen families: Amaranthaceae, Nyctaginaceae, Phytolaccaceae, Gyro- 
stemonaceae, Achatocarpaceae, Aizoaceae, Portulacaceae, Basellaceae, 
Dysphaniaceae, Caryophyllaceae, Thelygonaceae, and Chenopodiaceae. 
Several other authors have much the same grouping. Thus Rendle (1938) 
has 8 of the above families—he omits the smaller ones; Wettstein (1935) 
has 9 plus the Cactaceae; while Pulle (1952) has 11 plus the Cactaceae 
and places the Thelygonaceae in the Myrtales (Myrtiflorae). 

Now many of these families are closely linked chemically. At least 7. of 
the 12 families included here by Pax and Harms have nitrogenous antho- 
cyanins, as we have pointed out in an earlier paper (1945, pp. 72-5). 
These pigments so far as we know, are found only in this group and in the 
Cactaceae and it is therefore of great interest to note that Wettstein and 
also Pulle include the Cactaceae in the Centrospermae. Raphides also 
occur here and have been recorded in the Nyctaginaceae (43 spp. in 12 
genera), Phytolaccaeae (4 genera*), Aizoaceae (3 genera), Thely- 
gonaceae, and Cactaceae (2 genera). They should be sought for in the 
other families. ‘Their presence in the monogeneric Thelygonaceae is par- 
ticularly interesting, for this small family has long been “pushed around” 
by the taxonomists. Hallier (1912) placed it near the Halorrhagidaceae 
in his concept of the Ranales; Bentham and Hooker (1862-1883) in- 
cluded Thelygonum in the Urticaceae; Lawrence (1951) has it in the 
sub-order Hippuridineae of the Myrtiflorae; and Pulle (1952) has it in his 
Myrtales (Myrtiflorae). Now raphides are not common in the Ranales 
(as usually constituted) though they do occur in the Menispermaceae and 
Monimiaceae. Hess (1936) says they are absent from 33 species belonging 
to 14 genera of Urticaceae, and present only in Laportea. In the great 
order Myrtiflorae with about 23 families, they occur only in the Oeno- 
theraceae (Onagraceae )—-see below—and in the Combretaceae (Calycop- 
teris). We may note, incidentally, that Lawrence, following Engler and 
Diels, includes Haloragaceae (Halorrhagidaceae) in the Myrtiflorae. 

If raphides alone are considered, the evidence is far from conclusive: 
an argument for further examination. Metcalfe and Chalk (1950), using 
evidence from anatomy, would narrow the problem. They say that Thely- 
gonum “has no important anatomical characters in common with the 
Urticaceae.” If Thelygonum forms anthocyanins these should certainly be 
examined, for if shown to be nitrogenous they would confirm its inclusion 
in the Centrospermae. 

We have referred above (p. 6) to the pollen of this order. Erdtman 
(1952) says that “The pollen grains in Thelygonum are of a + unique 
type, not similar to those in Chenopodiaceae, Haloragidaceae [a third 
spelling for this family name], Hippuridaceae, Phytolaccaceae, Urticaceae, 


*Metcalfe and Chalk say that adulteration of the medicinal Atropa belladonna with 
the root of Phytolacca decandra can be detected because of the raphides in the latter! 
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etc. They have possibly a slight similarity to some pollen types in Poly- 
gonaceae.” This hardly helps! 

(c) Trapaceae. We have already noted (p. 4) that one argument in 
favour of the removal of Trapa L. from the Oenotheraceae and the crea- 
tion of a separate family for it is the 8-nucleate embryo-sac. Now in the 
Oenotheraceae, raphides are present in Circaea, Clarkia, Epilobium, 
Eucharidium, Fuchsia, Gaura, Gayophytum, Gongylocarpus, Hauya, 
Jussieua, Kneiffia, Lavauxia, Lopezia, Ludwigia, Megapterium, Oeno- 
thera, Raimannia, and Zauschneria (Metcalfe and Chalk, 1950). They 
appear to be absent from Trapa, and there is thus one more argument for 
the removal of this genus from the Oenotheraceae. 

(d) Theaceae. This important family, as usually construed, contains 
about 30 genera and 500 species of woody plants. We shall consider it 
again when discussing the use of the HCl/methanol test (p. 29) and also 
when considering the order Parietales (p. 33). Hess, in his work on the 
occurrence of raphides in wood (1936), says that they are absent from 74 
species belonging to 18 genera of the Theaceae which he examined. Only 
in the ray cells of Tetramerista, “a genus which from almost every point 
of view seems out of place in that family,” did he find raphides. They have 
been reported, however, in Pelliciera, and in Trematanthera. 

The first of these three genera, Tetramerista Miq., was included in the 
Theaceae by Melchior (1925) in his monograph of the family in Die 
natiirlichen Pflanzenfamilien. Hallier (1912) placed it doubtfully in the 
Marcgraviaceae (and raphides occur in at least 3 genera of that family). 
Vestal (1937) thought that it should be transferred to an affinity with the 
Caryocaraceae (in which raphides are lacking?). Metcalfe and Chalk 
(1950) consider it to differ from Ochnaceae, Theaceae, and Caryocaraceae 
and they have a separate family Tetrameristaceae for it. 

Pelliciera Planch. & Triana, was also included in the Theaceae by Mel- 
chior, and doubtfully in the Marcgraviaceae by Hallier. Metcalfe and 
Chalk quote Beauvisage, whose book (1920) we have not been able to 
consult, as suggesting a separate family for this raphide-containing genus, 
intermediate between Theaceae and Marcgraviaceae. They adopt the 
suggestion and have a family—Pellicieraceae—for it. 

Trematanthera F. Muell. was included in the genus Saurauja and placed 
in the Clethraceae by Hallier. It has also been included in the Theaceae. 
At least six species of Saurauia (as we should spell it) have raphides. 

If, then, we remove these three raphide-containing genera from the 


Theaceae we are left with a family apparently devoid of these crystals. 


Obviously a careful chemical investigation would be likely to help greatly 
in settling the status and position of the three genera in question. 


3. HCl/Methanol Test (for Catechol Tannins? 
In 1945 Isenberg and Buchanan reported that when shavings of the 
woods of plants are soaked in a mixture of hydrochloric acid and methanol 





18 THE ROYAL SOCIETY OF CANADA 


(they found 25 ml. of concentrated acid in 1000 ml. of methanol to be 
most satisfactory) a purple colour sometimes results. They distinguished 
between the almost immediate appearance of a colour, and its development 
overnight. Their original paper summarized the results of their tests, but 
we have also a typescript list of all the plants tested (277 species, belonging 
to 123 genera in 56 families) which was apparently never published, but 
which they kindly supplied at our request. In general our own results are 
in agreement with theirs. In 1951 Adler concluded that the purple colour 
resulting from treatment with HCl/methanol is due to catechol tannins. 

We have employed this test upon a great number of woody plants and 
have obtained strikingly consistent results. There are many families in 
which there is never a positive reaction, others in which there is constantly 
a strong positive reaction, and still others in which the results are mixed, 
some genera giving negative and others positive (often weak) reactions. 

We use the method as follows: 

Woody twigs, pencil-size or less, of fresh material are employed. Bark 
and wood (“sapwood,” of course, in these twigs; Isenberg and Buchanan 
often used “heartwood” as well) are separated and shredded or chipped 
(we use a 15-cent pencil-sharpener for the wood as a rule). The method 
is made roughly quantitative by taking as much of the shredded material 
as can be comfortably covered in an 18 mm. diam. test-tube by 5 ml. of 
the reagent. Any immediate colour reaction (which may be due to sub- 
stances other than catechol tannins, such as anthocyanins) is noted, and 
the tubes are left overnight. A negative reaction is then recorded as 0, and 
positive reactions (purple colours) as 1 (very weak) to 4 (darkest). The 
liquid in each case is then poured off into another 18 mm. test-tube and 
its colour matched against the charts in Color Standards and Color Nomen- 
clature by Ridgway (1912). Some slight adjustment must occasionally be 
made where the Ridgway colours have obviously changed. 

We shall not, in the present review, worry much about the actual colour 


records, though quite interesting facts emerge. Sometimes the supernatant 
liquid is almost colourless even when the bark or wood is strongly coloured. 
At other times it is deeply coloured but may or may not have the same 


general colour as the solid material. These differences may be significant 
in some cases. We shall ignore bark here and record only sapwood colours. 
‘ 


‘chamois” 
plate XXX in Ridgway) in the case of negative (0) reactions, and “pale 


With few exceptions these are “white” to “ivory yellow” to 


rose-purple” (1) to “liseran purple” (2) to “magenta” (3-4) to “auricula 
purple” (4) (plate XXVI in Ridgway) for positive (1-4) reactions. 

It has become clear that this test is a most valuable one. Apparently 
the ability to form catechol tannins has been retained in at least one long 
series of families (our “positive series”). Similarly there is another group 
of families (our “negative series’) in which catechol tannins seem never 
to occur in the sapwood. Other characters may go hand in hand with these. 
In the following pages we shall make references to the results of the HCl/ 
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methanol test, to the presence or absence of raphides (see also p. 
and to the occurrence of HCN (see also p. 9 


A. HCl/Methanol ‘Test—A Negative Series 

Gundersen at the end of his stimulating book (1950) has a page or two 
of concluding remarks. He points out in these that there remain many 
problems and uncertainties in the classification of flowering plants and 
says that “Comparisons, from many points of view, are needed between 
families of suspected relationship” (italics ours). Among the families that 
should, he says, be compared are several which caught our eye: 

Aquifoliaceae, Salvadoraceae, and Oleaceae 

Loganiaceae and Rubiaceae 

Theaceae, Ericaceae, and Cyrillaceae 

It was with these in mind that we started a long series of HCI/methanol 
tests, a series which soon developed into two: a negative one involving five 
of the above families, and a positive one which includes the others. We 
shall consider the negative one here. 

(a) Aquifoliaceae. This smallish family may be considered to have but 
4 genera (Byronia Endl. with 3 supp.; /lex (Tourn.) L. with perhaps 400; 
Nemopanthus Raf. with 1 sp.; and Phelline Labill. with about a dozen). 
It has been placed in the Celastrales by such authors as Bessey (1915), 
Wettstein (1935), Rendle (1938), Hutchinson (1948), and Gundersen 
(1950). It was placed in his Guttales by Hallier (1912), who considered 
it to be descended from the Celastraceae or perhaps Linaceae. Loesener, 
monographing it in the second edition of Die natiirlichen Pflanzenfamilien 
(1942), placed it in the Sapindales, an order which includes the following 
12 families in 2 of its sub-orders: Cyrillaceae, Pentaphylacaceae, Coryno- 
carpaceae, Aquifoliaceae, Celastraceae, Hippocrateaceae, Salvadoraceae, 
Stackhousiaceae and Staphyleaceae in Celastrineae; Icacinaceae, Peri- 
pterygiaceae and Erythropalaceae in Icacinineae. It should be noted that 
this group corresponds more or less with the Celastrales of other writers. 

We have not been able to get Byronia and Phelline but have had access 
to adequate material of the sole species of Nemopanthus (which is native 
to eastern North America) and to 22 species of /lex. The first is negative 
to the HCl/methanol reagent and so (with one very doubtful exception 
which will be checked) are all the species of Jlex. Raphides seem to be 
absent from this family (we have not seen them in Nemopanthus, or in 
the seven species of Ilex which we have examined for them, and Metcalfe 
and Chalk (1950) make no mention of raphides in their description of the 
family). We have found no record of the occurrence of HCN in this group, 
and we failed to detect it in two species of [lex which we tested (Table 
IV). It is obviously desirable to test Byronia and also the New Caledonian 
Phelline, which has been placed in the Rutaceae, and doubtfully in the 
Olacaceae. 

b) Salvadoraceae. This little family has perhaps 4 genera ( Azima with 
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3 spp., Dobera with 3 spp., Platymitium with but 1 sp., and Salvadora 
with 2 spp.). Like the Aquifoliaceae, which we have just been considering, 
this family has often been placed in the Celastrales. Thus Hutchinson 
(1926), Wettstein (1935), Gundersen (1950), and Pulle (1952) have it 
in that order. Bessey (1915) put it in the Gentianales; Hallier (1912) had 
it doubtfully in his Polygalineae with such families as Onagraceae, V ochysi- 
aceae, Malpighiaceae and Polygalaceae; while Van Tieghem and Con- 
stantin (1912) included it in their Plumbagales, 

Its relationships, then, are obscure. Gundersen (1950) says it is ‘‘appa- 
rently a link between Aquifoliaceae and Oleaceae.”’ Others, too, see a close 
connection with the latter family: Wernham (1911-1912) says that it is 
near the Oleaceae and with it might form an order Jasminales; Rendle 
(1938) that “among sympetalous families it is most nearly allied to Olea- 
ceae’’; as long ago as 1892, Knoblauch placed it next to that family. 

We have been able to test only Azima tetracantha Lam. and Salvadora 
persica L., both proving negative to the HCl/methanol reagent. Raphides, 
we believe, are absent, and we have no record of HCN in the family. These 
facts are consistent with the view that it is linked to the Aquifoliaceae and 
to our next family, the Oleaceae. 

(c) Oleaceae. The two families above are “polypetalous’; the present 
one is “‘sympetalous” and in many systems is far removed from the poly- 
petalous forms. Wettstein (1935) has it as the only family of his Ligus- 
trales, as does Pulle (1952) under the alternative name Oleales. Van 
Tieghem and Constantin (1918) also had an order Oleales, but split the 
family into Oleaceae and Jasminaceae. Rendle (1938) under the same 
ordinal name included the Oleaceae and Salvadoraceae. Other authors 
tend to group our family with Apocynaceae, Asclepiadaceae, Gentianaceae 
and sometimes Loganiaceae as Gentianales (Bentham & Hooker, 1862- 
1883; Bessey, 1915), Contortae (Wernham, 1911-1912; Lawrence, 
1951), or Loganiales (Gundersen, 1950). Hutchinson (1926), too, has 
an order Loganiales but with Oleaceae and Loganiaceae only. 

There is thus a tendency to link the Oleaceae on the one hand with 
Aquifoliaceae, Salvadoraceae, and perhaps the Celastrales, and on the 
other with the Loganiaceae and perhaps others. There is fairly general 
agreement, too, as to the genera to be included in the family, though some 
prefer to make a separate family for the Jasminoideae. 

As dealt with here we shall consider the Oleaceae to have about 22 
genera and 500 species in two sub-families, a smaller one, the Jasminoideae 
(Menodora, Nyctanthes, Jasminum, etc.) and a larger one, the Oleoideae 
‘Fontanesia, Fraxinus, Forsythia, Nathusia, Syringa, Hesperelaea, Philly- 
rea, Osmanthus, Forestiera, Mayepea, Notelaea, Chionanthus, Olea, Ligus- 
trum, etc.). We have seen already (p. 4) that cytology would seem to 
support this arrangement. It is possible that chemical support may be 
forthcoming for the grouping, but that is not yet evident. 

We have been able to test quite representative material consisting of 92 
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species belonging to 16 genera with the HCl/methanol reagent. They are 
consistently negative. 

A dozen species belonging to 6 genera have been examined for raphides 
but we have never found them. Metcalfe and Chalk (1950) speak of 
“small acicular or prismatic crystals” as occurring and they have a figure 
(207) after Solereder showing “‘raphides” in the epidermis of the leaf of 
Forestiera porulosa Poir., but these are not, perhaps, genuine raphides in 
the sense used in the present paper. 

We have found no records of HCN in the family and we have ourselves 
tested 11 species belonging to 6 genera without finding it. 

An interesting characteristic is the occurrence in the family of a glyco- 
side, syringin, not to be confused with the syringaldehyde which appears 
to be so intimately connected with the Maule test (Creighton, Gibbs, and 
Hibbert, 1944; Gibbs, 1945; Towers and Gibbs, 1953). Syringin, except 
for one record of it in the bark of Robinia pseudacacia L. (Leguminosae), 
seems to be confined to members of the Oleaceae,* from many of which 
it has been definitely isolated and characterized. In the second edition of 
Tunmann’s Pflanzenmikrochemie (edited by Rosenthaler, 1931) syringin 
is said to give a blue colour when sections of tissues containing it are placed 
in 1:1 aqueous sulphuric acid. We have used this test on many plants and 
have recorded (with doubt in some cases) or have found in the literature 
positive results in Forsythia (2 spp.), Syringa (16 spp.), Phillyrea (3 
spp.), Osmanthus (2 spp.), Forestiera (1 sp.), Chionanthus (1 sp.), Olea 
(1 sp.), Ligustrum (4 or 5 spp.), Jasminum (5 or 6 spp.), Abeliophyllum 
(1 sp.), Osmarea (1 sp.), and Steganthus (1 sp.). 

This test, which we may call for brevity the “syringin test,” gives a 
variety of reactions other than the blue one characteristic of syringin itself. 
Thus, using transverse sections of twigs we have recorded a bright green 
colour in cortical-fibres and/or xylem of several species. In other cases, as 
in Chimaphila, Pyrola, Ribes, Escallonia, Macadamia, and Pistacia, a 
general yellowing of the cortex may appear. Cortical-fibres and/or xylem 
are often bright yellow after application of this test, even when no general 
yellowing of the cortex occurs. 

Perhaps the most general reaction, however, is the development (in 
minutes to hours) of a bright red colour in cortical-fibres, in the last- 
formed xylem, in the protoxylem (very often), and in the pith (more 
rarely). This is usually, but not always correlated with a positive reaction 
with the HCl/methanol reagent. Thus in Viburnum (Caprifoliaceae, p. 
26) we usually get a fairly strong positive reaction with the HCl/methanol 
reagent but much less often get any red colour with the syringin test. On 
the whole, however, there is a correlation and we often test more or less 
herbaceous material with the 1:1 sulphuric acid and consider that a red 
colour indicates the equivalent of a positive HCl/methanol test (which is 
normally applied only to woody material 

*But see Table IV 
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In some cases a reddish colour and deposit appear in the cortex followed 
by a general darkening almost to black. This result has been obtained in 
Aucuba japonica (Cornaceae), in Chilianthus oleaceus (Loganiaceae), 
and in several members of the Verbenaceae. It is probably correlated with 
the presence of aucubin and/or other glycosides and should receive further 
attention. 

In a few members of the Rubiaceae an immediate development of a 
purple colour in the cortex has occurred. Finally, we have obtained a blue 
to purple colour, after some time, in the protoxylem, etc. of several species 
of Pittosporum, but the reaction does not seem to be general in the Pitto- 
sporaceae. 

Before leaving the Oleaceae we should, perhaps, refer briefly to the 
occurrence in the bark of many species of Fraxinus of substances (fraxin 
in some cases?) which fluoresce green, green-blue, or blue in watery solu- 
tion. This phenomenon has been studied by Lingelsheim (1916) who 
actually modified his grouping within the genus in the light of his fluor- 
escence results! His re-grouping is reproduced here (Fig. 2). 


BUMELIOIDES 
SCIADANTHUS 


ORNASTER MELIOIDES 


PAUCIFLORA 
EBRACTEATAE . 


RA 
DIPETALAE 5 CTEATAE 


Figure 2.—Lingelsheim’s regrouping of the sections of Fraxinus, based partly upon 
distribution of fluorescent compounds 


(d) Loganiaceae. We have already noted in discussing the taxonomy of 
the Oleaceae much of the work on the Loganiaceae, since the two families 
are often placed in the same order. Hallier (1912) has the family in his 
Tubiflorae, leading to the Rubiaceae, Caprifoliaceae, Valerianaceae, and 
Dipsacaceae. Van 'Tieghem and Constantin (1918) place it in the Solan- 
ales where it is separated from the Oleaceae and Rubiaceae (see p. 25) 


but is near the Boraginaceae (p. 23). 


The Loganiaceae, as usually constituted, have about 32 genera and 800 
species, and are widely distributed in the tropics and warm-temperate 
regions. Some authors, such as Wettstein (1935) and Pulle (1952), 
separate Buddleia and several other genera as a family Buddleiaceae. 
Desfontainia, too, is of doubtful position and has been placed in the Saxi- 
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fragaceae (Hallier, 1912), or made a separate family, the Desfontaine- 
aceae. 

We have been able to test the following with the HCl/methanol re- 
agent: Gelsemium sempervivens Ait.f., Strychnos nuxvomica L., Fagraea 
(2 spp.), Nuxia floribunda Benth., Chilianthus oleaceus Burch., Buddleia 
(9 spp.), and Desfontainia spinosa R. & P. In each case a negative re- 
action resulted. Raphides appear to be absent from the family (at least 
in perhaps 58 spp. belonging to 30 genera). We have found no record 
of HCN in the family and have records of negative results from 6 genera 
(Table IV). 

The results, then, are consistent with the view that this family is related 
to the Oleaceae. They are consistent, too, with the view that Buddleia and 
Desfontainia should remain in the group. 

(e) The “woody Boraginaceae” (Ehretiaceae, Cordiaceae). Most of 
the familiar Boraginaceae—Anchusa, Myosotis (forget-me-not), Echium, 
etc.—are herbaceous plants. In the warmer parts of the world, however, 
there are woody forms which are placed by Giirke (1893) in the sub- 
families Cordioideae (Cordia with 230 spp. and 2 other small genera) 
and Ehretioideae (Ehretia with about 40 spp. and 9 other genera). Du- 
mortier suggested a family Cordiaceae in 1829, while Schrader erected a 
family Ehretiaceae as long ago as 1820. A third sub-family, the Helio- 
tropioideae, is sometimes made into a separate family, the Heliotropiaceae, 
and Pulle (1952) has such a family with Cordia, Heliotropium and 18 
other genera. Hutchinson (1948) says: “The tribes Cordieae and 
Ehretieae of Boraginaceae, which are perhaps not naturally placed with 
the true more herbaceous Boraginaceae, seem to connect Verbenaceae with 
Loganiaceae. In my general work {which has not yet appeared] they will 
be treated as a separate family, Ehretiaceae.” 

If these woody plants are indeed a link between the Loganiaceae and 
the Verbenaceae, as Hutchinson suggests, they “should” give a negative 
HCl/methanol reaction, “should” lack raphides, and “should” lack HCN 
(for that seems to be characteristic of the Loganiaceae—see above—and 
of the Verbenaceae—see below). We have had access to material of 
Cordia interrupta DC, C. myxa L., Ehretia buxifolia Roxb., and E. 
thyrsiflora Nakai. All gave negative HCl/methanol tests. Raphides have 
not been reported in the Boraginaceae; Metcalfe and Chalk (1950), who 
studied many genera, make no mention of them. HCN has not been 
reported. The results are consistent, then, with the view that the woody 
members of the Boraginaceae (in the sense of Giirke), are a link between 
the Loganiaceae and the Verbenaceae. But what of the herbaceous forms? 
Do thev differ in their chemistry from the woody ones? A paper by Pulitzer 
(1915) is of particular interest here. She studied a great number of the 
Boraginaceae and found alkannin only in the herbaceous members of the 


family. 
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(f{) Verbenaceae. This is a large family with about 100 genera and 
more than 2,600 species, which is placed in the Tubiflorae by many 
authors (Wernham, 1911-1912; Hallier, 1912; Wettstein, 1935; Rendle, 
1938; Lawrence, 1951; Pulle, 1952). Others include it in the Boraginales 
(Gundersen, 1956), Lamiales (Bentham & Hooker, 1862-1883, Bessey, 
1915; Hutchinson, 1926), Scrophulariales (Van Tieghem & Constantin, 
1918), or Verbenales (Hutchinson, 1948). Certain families are included 
in almost all of these orders, the most frequent associates of the Verben- 
aceae being Labiatae, Myoporaceae, Scrophulariaceae, Globulariaceae, 
Gesneriaceae, Acanthaceae, Orobanchaceae, Boraginaceae, Solanaceae, 
Phrymaceae (sometimes included in Verbenaceae), and Polemoniaceae. 

Hutchinson’s suggestion that the Verbenaceae, which are largely a 
woody family, may be derived from the Loganiaceae through the “woody 
Boraginaceae” (or Ehretiaceae, as he would call them) has been noted 
above. 

We have had access to 32 species belonging to 16 genera of this family 
and have found them to be consistently negative to the HCl/methanol 
reagent. Material tested included: 


I. Stilboideae none 

II. Verbenoideae Lantana L. (3 spp.), Lippia citriodora H.B. 
& K., Stachytarpheta indica Vahl., Petraea 
rugosa H.B. & K., Citharexylum L. (2 spp.), 
Duranta L. (3 spp.). 


Chloanthoideae none 

V iticoideae Callicarpa L. (5 spp.), Premna esculenta 
Roxb., Vitex L. (2 spp.), Gmelina arborea 
Roxb., Faradaya splendida F. Muell., Clero- 
dendron 1.. (6 spp.), Holmskioldia sanguinea 
Retz. 

Caryopteridoideae--Caryopteris Bunge (2 spp.). 

Symphoremoideae—Sphenodesma pentandra Jacq., Congea tom- 
entosa Roxb. 

Avicennioideae none tested by ourselves, but Isenberg & 
Buchanan (MSS, 1945) report “no change” 
(a negative test) for Avicennia nitida Jacq. 


Moldenke (quoted by Gundersen, 1950) has suggested that separate 
families—Stilbaceae, Symphoremaceae, and Avicenniacae—might be 
made from some of the groups listed above. Sphenodesma, Congea, and 
Avicennia all seem to behave like the other members of the family, but 
one would expect this of plants sufficiently nearly related to have been 
included in the one family. Further work employing other tests would, per- 
haps, vield interesting results. 
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Raphides appear to be absent from the Verbenaceae, for Metcalfe and 
Chalk (1950) examined more than 50 genera and do not mention them. 
We have seen needle crystals in Holmskioldia, in a Callicarpa, and in a 
Citharexylum, but never true raphides. 

HCN has not been searched for systematically, so far as we know. It 
has not been found in 19 species belonging to 8 genera which have been 
examined by ourselves or by others. The material has been hardly repre- 
sentative, however. 

The evidence from the HCl/methanol test, absence of raphides, and 
absence of HCN, is consistent with the view that this family is related to 
the Loganiaceae through the “woody Boraginaceae.” Is it, on the other 
hand, related to the Rubiaceae? 

(g) Rubiaceae. This is the largest family considered so far, having 
nearly 400 genera and possibly 6000 species (Hutchinson, 1948). It would 
be a major task to study its chemistry and taxonomy, but we may report 
briefly upon it here. Almost everyone seems agreed that it should be the 
type family of an order Rubiales, and most authors (Wernham, 1911 
1912; Bessey, 1915; Van Tieghem & Constantin, 1918; Wettstein, 1935; 
Rendle, 1938; Lawrence, 1951; Pulle, 1952) would include the families 
Caprifoliaceae, Valerianaceae, Dipsacaceae, and Adoxaceae. Hutchinson 
(1926) would have only the Rubiaceae and Caprifoliaceae together; Wett- 
stein would add the Calyceraceae to the above list; while Van Tiegham & 
Constantin would add the Calyceraceae and several other families. 

While there is thus fairly general agreement as to its associates there is 
much less as to its origins. Several authors (Rendle, 1938; Wernham, 
1911-1912; Gundersen, 1950; Pulle, 1952, for example) consider the 
order Rubiales to be derived from or near to the Umbelliflorae. Rendle, 
it is true, sees also a resemblance to the Loganiacae, as do Van Tieghem 
& Constantin. Hutchinson (1948) relates the Rubiales to the Loganiales 
and to the Verbenales. 

If Hutchinson is right, then the Rubiaceae might be expected to give a 
negative HCl/methanol test, to lack raphides, and to lack HCN. What 
are the facts? 

We have had negative HCl/methanol tests from 11 species belonging 
to 9 genera, but on the other hand have recorded positive tests (sometimes 
faint) in 10 spp. belonging to 6 genera. The response seems to be mixed 
in this family, as it is in a few others, such as the Flacourtiaceae (p. 33 
Raphides are commonly present in the Rubiaceae, being recorded in almost 
a hundred genera and well over a hundred species. HCN has also been 
found here. There is some doubt about synonymity (and therefore about 
numbers of species), but it is recorded for perhaps 5 species in 4 genera. 
Syringin appears to be absent (we have recorded only 1 doubtful case 
out of 15 species in 14 genera 

Unlike the other families of our “‘negative series,’ then, the Rubiaceae 
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does not seem to “fit” chemically. We may wonder if it is indeed related 
at all closely to the Loganiaceae and Verbenaceae, and perhaps it should 
be excluded from our series, 

(h) Caprifoliaceae. We have seen that many authors associate the 
Caprifoliaceae with the Rubiaceae. Is this justified? Without going into the 
matter in great detail we may report briefly as follows: 

Hutchinson (1948) is not sure that the Caprifoliaceae is a natural 
family: 

Although for the present we include Sambucus (the Elder), and Viburnum, 
with Lonicera and Linnaea in the Caprifoliaceae, I suspect this family to be 
of mixed origin. Lonicera and Linnaea are no doubt related, but the other 


two genera [Hutchinson is writing only about British plants] seem very differ- 
ent from them. ... Viburnum is no doubt related to Sambucus... . 


Now we have made tests upon many members of this family with the 
following results: 

Sambucus L. and Viburnum L. do differ chemically from the other 
members of the Caprifoliaceae. Thus Sambucus (7 spp. tested) gave HCl/ 
methanol reactions ranging from 0 to 3 (4 is our strongest positive figure). 
HCN has been reported (as sambunigrin) in the leaves of §. nigra L. 
Viburnum (17 spp. tested) usually gives a strong (3-4) positive test with 
the HCl/methanol reagent. We have also obtained a curious positive re- 
action with the “HCN Test A” in 4 species of Viburnum. Instead of turn- 
ing dull red the test-paper turns brown at the tip. We are investigating this 
further. 

Against this we may note negative HCl/methanol reactions in Triosteum 
L. (3 spp.), Symphoricarpus Juss. (6 spp.), Dipelta floribunda Maxim., 
Lonicera L. (14 spp.), Diervilla (4 spp.), Leycesteria formosa Wall.,* 
Kolkwitzia amabilis Graebn., Weigelia Pers. (5 spp.), and Abelia R. Br. 
(3 spp.). We know of no record of HCN in any of these. 

Raphides have not been recorded in this family. 

There seems to be some evidence, then, that Sambucus and Viburnum 
differ chemically from the rest of the family. If they are removed the re- 
maining members are negative to the HCl/methanol reagent, lack ra- 
phides, and lack HCN. If this is really the case Hutchinson’s views would 
find some support from the chemical evidence, and the Caprifoliaceae as so 
limited might end our “‘negative series.” 


B. HCIl/Methanol Test—A Positive Series 

a) Dilleniaceae. Almost all authors are agreed that this is a primitive 
family. Le Maout, Decaisne, and Hooker (1873) place it immediately 
after the Ranunculaceae and before the Calycanthaceae; Bentham and 
Hooker (1862-1883) have it similarly placed in their Ranales; while 
Hallier (1912) and Bessey (1915) also have it in the Ranales. Other 


*We once obtained a very faint positive reaction in this species, due perhaps to 
anthocyanin 
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rABLE I\ 


He HCI/MeTHANOL TeEst—A “NEGATIVE” SERIES 


HClI/ Methanol Raphides HCN Syringin 
(Test A) test 
Family 
(genera/species) Positive Negative Present Absent Positive Negative Positive Negative 
Aquifoliaceae 1/1? 2/23 4/10? 2/; 2/11? 
(4/416) 


Salvadoraceae 
(4/9) 


Oleaceae 
(22/500) 


Loganiaceae 
(32/800) 


“Woody Be ragin 
aceae”’ (13/300 


Verbenaceae 
(100 /2600) 


Rubiaceae { 98/119 10 
(400 /6000) 


Ca prifoliaceae 
(18/275) 


*Viburnum and Sambucus 
** Sambucus (Sambunigrin) +4 spp. of Viburnum giving an atypical test. 


***Includes 4 spp. of Sambucus giving doubtful positive reactions 


authors, though still considering it to be relatively primitive, do not include 

it in the Ranales but place it as the first family (usually) in the Guttiferales 
Wettstein, 1935; Rendle, 1938; Pulle, 1952). The order Guttiferales, 

sometimes also called the Clusiales (Pulle, 1952), is essentially the Theales 

of Gundersen (1950) and part, at least, of the Parietales of some authors 
Table VI). 


Hutchinson (1926) places the Dilleniaceae and Crossosomataceae to- 


gether as a little order Dilleniales, which he describes as ‘“‘Woody to herb- 
aceous somewhat basal group rather remotely allied to the Magnoliales and 
perhaps indicating the origin of the Pittosporales, Bixales, Theales, Gutti- 
ferales, and woody Rosales.” ‘These orders (excluding the last) add up to 
about the equivalent of the Parietales. Hoogland (1952) in his revision of 
the genus Dillenia, says of the family that it is “generally accepted nowa- 
days {as} somewhere between the Polycarpicae [Ranales, Magnoliales| and 
the Parietales, s./. Most recent authors place it in the Guttiferales or 
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Theales as first family. . . .’ Camp, who contributes a chapter on plant 
geography to Gundersen’s (1950) book, stresses the probable relationship 
of the Dilleniaceae to Paeonia (often made a family) and the Crossoso- 
mataceae. 

The genus Paeonia has long been placed in the Ranunculaceae; however, as 
Corner demonstrated . . ., a re-analysis of its floral morphology indicates that 
Paeonia has greater affinity with the Dilleniaceae. Crossosoma, a genus of our 
southwestern region, also is involved. When looked at from the viewpoint of 
their comparative distributions, it would appear that Crossosoma and Paeonia 
are the northern, essentially temperate relatives of the tropical and primarily 
Southern Hemisphere Dilleniaceae, both probably meriting recognition as 
derivative, monogeneric families 


One further point must be made before leaving the taxonomy and turn- 
ing to the chemistry of the family. Some systematists include such genera 
as Actinidia, Saurauia, and Clematoclethra in the Dilleniaceae, others put 
them into other families (Theaceae, Clethraceae, etc.), while still others 
have a family Actinidiaceae. We shall follow these last and consider the 
Dilleniaceae as so limited to have about 11 genera and 275 species. 

For the HCl/methanol test we have been able so far to obtain material 
of but one genus, Wormia Rottb. Three species of this (W. pulchella Jack., 
W. suffruticosa Griff., and W. tomentella Ridley), sent by air from Singa- 
pore, gave moderately strong (3-4) positive tests. 

“Raphides” have been recorded in Curatella (1 sp.), Dillenia (1), 
Tetracera (1), Wormia (4), and Doliocarpus (1), but they seem most 
often to be small and not arranged in bundles (see Tables V, VI). 

HCN has not, to our knowledge, been reported in the family. 

(b) Actinidiaceae. As recognized here this little family may be con- 
sidered to include the genera Actinidia Lindl. (10 spp.), Clematoclethra 
Maxim. (10 spp.), Saurauia Willd. (c. 250 spp.), and perhaps Sladenia 
Kurz with §. celastrifolia Kurz only. 

Three species of Actinidia gave strong (3-4) positive tests with the 
HCl/methanol reagent. We have not yet obtained material of the others. 

Raphides are general in the family (Lecher, 1915). They have been 
seen in all 10 species of Actinidia, in at least one species of Clematoclethra, 
and in at least 34 spp. of Saurauia. They are absent from Sladenia, though 
cluster-crystals are present, and this monotypic genus may well belong in 
the Theaceae. 

HCN has not been recorded in the family. 

(c) Bixaceae. This family has been variously treated. Often it has been 
placed in the Parietales (Wettstein, 1935; Rendle, 1938; Pulle, 1952) or 
Cistales (Gundersen, 1950; Van Tieghem and Constantin, 1918). Baehni 
(1934) is quoted by Standley as saying: “The family Bixaceae should be 
redefined to contain the present Bixaceae, the Cochlospermaceae, and the 
genera Mollia, Nettoa, and Trichospermum.” It has been linked to the 
Flacourtiaceae in the past; Metcalfe and Chalk (1950) argue against this, 
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though adding that “It seems to be largely a matter of opinion whether 
Bixaceae and Cochlospermaceae should be recognized as distinct or united 
into one family.” We shall consider the Bixaceae to consist only of the 
genus Bixa L. with 1 or 2 species. 

Bixa orellana L. gives a strong positive reaction (4) with the HCl 
methanol reagent. Neither raphides nor HCN have been recorded. 

d) Theaceae (Ternstroemiaceae, Camelliaceae). We have discussed 
the make-up of this family elsewhere (p. 17) and have noted that Tetra- 
merista, Pelliciera, and Trematanthera may well be excluded. There then 
remains a more homogeneous assemblage of about 27 genera and almost 
500 species, largely of the tropics and sub-tropics. The family is included 
by most authors under one of its three names in the Guttiferales, Theales, 
Clusiales, or Parietales, and is thus brought into somewhat close relation- 
ship to the Dilleniaceae, Actinidiaceae, and Bixaceae, the first three families 
of our “positive series.” 

We have been able to test 15 species belonging to 7 genera with the 
HCl/methanol reagent and have found them constantly and strongly posi- 
tive. Thus the woods of Camellia japonica L., and C. sinensis (L.) Ktze 
(‘‘tea’’) both gave reaction 4 (“‘auricula purple”), 5 spp. of Stewartia L. 
gave reaction 4 (“magenta” to “auricula purple”), Franklinia alatamaha 
Bartr. gave 4 (“dull magenta purple”), Gordonia singaporeana Wall. gave 
4 (“auricula purple”), Pyrenaria acuminata Planch. gave 4 (“dahlia car- 
mine”), 2 spp. of Adinandra Jack. gave reactions 3 and 4, (“magenta” 
and “dahlia carmine”’) and Cleyera ochnacea DC. gave 4 (“‘magenta” 

Raphides are absent from the family as here constituted (see above 
HCN has not been found in the 4 species belonging to 4 genera which we 
have tested, nor have we found records of it in the literature. 

(e) Clethraceae. We come now to a family which is usually associated 
with the “Sympetalae,’ and more specifically with the Ericales or “Bi- 
cornes,’ and this requires a sentence or two of explanation. The modern 
view is that the “Sympetalae” are not a natural group but represent about 


‘ 


seven “ends” of evolution. In other words there has been a repeated “ten- 


dency toward sympetaly” in the Dicotyledons. The families grouped as the 


Ericales represent one of these ends and their origin is to be sought among 
polypetalous plants. Bessey (1915) believed that they have been derived 
from the Caryophyllales. Wernham (1911-1912), on the other hand, says 
that they “seem to have undoubted affinities with the Geraniales . . . the 
Ericales represent one of the threads, and that the most primitive, in the 
polyphyletic origin of the Sympetalae.” Gundersen (1950) has them in 
his “Thea group” following the Theales and Ebenales, a view which is 
matched by Pulle (1952), who has them arising from his Clusiales (Gutti- 
ferales), and by Hutchinson (1948) who says: 


The origin of the family Ericaceae is probably to be found in the tea family 
Theaceae, which shows relationship with Rhododendron through the Sau- 


raulaceae, a small family close to the Theaceae [and included by us in 
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Actinidiaceae|. The exotic Clethraceae, whilst no doubt closely allied to 
Ericaceae, are also very near Theaceae, their petals being free. 

If these last authors are correct then we may expect the Ericales—in- 
cluding Clethraceae, Ericaceae, Pyrolaceae, and Epacridaceae—to re- 
semble the Theaceae in their chemistry. Let us consider them briefly in 
turn. 

‘The Clethraceae have but two genera, Clethra Gronov. with about 30 
species in tropical and sub-tropical regions, and Schizocardia A.C. Smith 
and Standley, with a single species from British Honduras. We have been 
able to test Clethra acuminata Michx., C. alnifolia L., and C. tomentosa 
Lam. (perhaps only a var. of alnifolia but treated as a good species by 
Rehder ) with the HCl/methanol reagent. They all gave reaction 4 (‘‘dull 
magenta purple’ to “auricula purple’). Raphides seem to be lacking in 
the family and HCN has not been recorded. These facts are consistent with 
the view that Clethraceae are related to Theaceae. 

f) Ericaceae. We shall consider this family to include the sub-families 
Rhododendroideae, Arbutoideae, Vaccinioideae, and Ericoideae. This ex- 
cludes the Pyroloideae and Monotropoideae (see Pyrolaceae), and leaves 
us with a family of perhaps 70 genera and 1,900 species. Of these we have 
been able to test 56 species belonging to 22 genera with the HCl/methanol 


‘ 


reagent. All have given strongly positive tests (usually 4, and ‘‘magenta” 
to “auricula purple”). ‘The material tested included: Tripetaleia pani- 
culata S.&Z., Ledum L. (2 spp.), Rhododendron L. (6 spp.), Menziesia 
pilosa (Michx.) Juss., Leiophyllum buxifolium (Berg.) Ellv. hugeri, 
Loiseleurnia procumbens (L.) Desv., Kalmia L. (3 spp.), Enkyanthus 
Lour. (3 spp.), Leucothoé Don (2 spp.), Andromeda glaucophylla Link, 
Lyonia Nutt. (2 spp.), Oxydendron arboreum DC., Epigaea repens L., 
Gaultheria Kalm ex L. (2 spp.), Arbutus (Tourn.) L. (2 spp.), Arcto- 
staphylos Adans. (7 spp.), Gaylussacia H.B. & K. (4 spp.), Vaccinium L. 
4 spp.), Macleania cordifolia Benth., Calluna vulgaris Salisb., Erica 
Tourn.) L. (9 spp.), and Pieris floribunda B. & H. 

No raphides have been recorded and HCN has not been found (but 
see p. 12). 

g) Pyrolaceae (Pirolaceae). This little family, all agree, belongs with 
or even in the Ericaceae. As considered here it is taken to include the green 


Pyroloideae and the saprophytic Monotropoideae, a total of perhaps 10 


genera and 32 species. 

These plants are more or less herbaceous and do not lend themselves to 
the HCl/methanol test. We have applied the “syringin test,’’ however, to 
Chimaphila umbellata (L.) Bart., Pyrola rotundifolia L. v. americana 

Sw.) Fern., and P. secunda L., and have noted the development of a red 
colour, which is usually associated with a positive HCl/methanol test 

p. 21 

Raphides appear to be absent, and we have no record of HCN in the 
family. 
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An interesting feature is the occurrence upon Pyrola (and Moneses?) 
of Chrysomyxa, a rust which attacks Ericaceae and Empetraceae (p. 7) 
This may be considered another argument for relating the Pyrolaceae to 
the Ericaceae. 

(h) Epacridaceae. This interesting family of 25-30 genera and 350 
species is mainly Australian. Virtually all systematists agree that it is closely 
related to the Ericaceae and it has sometimes been called “the Ericaceae of 
Australia.” 

This being the case we might predict with confidence that its members 
will give a strong HCl/methanol test, that raphides will not be found, and 
that HCN is absent. 

We have not been able to test our first prediction as yet. Raphides are 
not mentioned as occurring in this family by Metcalfe and Chalk (1950) 
who discuss almost all the genera. HCN has been looked for without suc- 
cess in 20 species belonging to 9 genera by Petrie (1912) and by Webb 

1949). The latter, in another paper (1948), cites a doubtful report of 
HCN in Brachyloma daphnoides Benth., which had been suspected of 
causing mortality in stock. This obviously should be checked carefully.* 

(i) Diapensiaceae. This little family (it has 6 genera and about a dozen 
species) has been included by most authors in the Ericales. More recently 
there has been a tendency to make a separate order, Diapensiales, for it. 
Thus Lawrence (1951) says it is 
An order composed of the single family Diapensiaceae, closely allied to the 
Ericales and distinguished from them by the pollen never in tetrads, the 
gynoecium tricarpellate (true also of the Clethraceae, of the Ericales), the 
stamens basically in 2 whorls with 1 whorl reduced to staminodes, the integu- 
ments 2 (basally connate), and in differences in embryology. 


Pulle (1952) in the diagram at the end of his book has Diapensiales from 
Ericales from Clusiales (Guttiferales 


We have not yet tested any members of the Diapensiaceae but we may 
again predict, if the taxonomists are correct in their placing of the family, 
that they will give a strong HCl/methanol test (or a red colour in the 
“syringin test’), that they will be found to lack raphides, and that they do 
not contain cyanogenetic glycosides. Metcalfe and Chalk (1950) say that 
clustered and sometimes solitary crystals are present but make no mention 
of raphides. 

j) Empetraccae. We come now to a family of quite unusual taxonomic 
and geographic interest, the Empetraceae. All are agreed that it contains 
but 3 genera (Ceratiola Michx. with a single species in southeastern N 
America; Corema ID. Don with 1 sp. in Atlantic N. America and another 
in western Europe; and Empetrum L. with perhaps 3 spp. in boreal re- 
gions, S. America, and Tristan da Cunha 

*Since writing the above we have tested 6 species belonging to 4 genera of the 


Epacridaceae. All gave strong positive HCl/methanol reactions; all seemed to lack 
raphides; and all were negative to the test for HCN 
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Bessey (1915) placed the family in the Sapindales next to the Coriari- 
aceae, a view shared by Willis (1951) who, writing of the Coriariaceae, 
says: “The only nearly related order [family, we should say] is Empe- 
traceae.”’ Incidentally the geographical distribution of the two families 
could hardly be more different (Good, 1953, figs. 37 and 38). Le Maout, 
Decaisne, and Hooker (1873) place the family between Ilicineae and 
Celastrineae, while Van ‘Tieghem and Constantin (1918) have it in their 
Pittosporales with such strange bed-fellows as Limnanthaceae, Pittospo- 
raceae, Sarraceniaceae, and Actinidiaceae. Rendle (1938) considers that 
it is of doubtful affinity and places it in the Celastrales. 

The modern tendency is to associate it with the Ericales. This is done 
by Wettstein (1935), Gundersen (1950), and Pulle (1952). As long ago 
as 1912, however, Hallier had the same view and considered the Empe- 
traceae to be descendants from or a tribe of the Ericaceae; while Samuels- 
son in the following year decided that the family should be included in the 
“Bicornes”’ (Ericales). 

We have been able to obtain representative material of this family, 
than!:s to the co-operation of friendly correspondents, and have subjected 
the following species to the HCl/methanol test with the results indicated: 
Ceratiola ericoides Michx. 4 (‘‘auricula purple’), Corema conradi Torr. 
ex. Loud. 4 (“auricula purple”), Empetrum hermaphroditum (Lge.) 
Hagerup. 4 (“auricula purple’), E. nigrum L. 4 (“auricula purple” ) 
Cluster-crystals, but no raphides, seem to occur in the family (Metcalfe 
and Chalk, 1950; and our own observations). HCN seems not to have 
been recorded by others and we have not found it in the leaves of Ceratiola, 
Corema conradi, or Empetrum hermaphroditum. 

We have referred in an earlier section (p. 7) to the occurrence of 


Chrysomyxa on Empetrum as another argument in favour of a relationship 
to the Ericaceae. 


The evidence, then, is consistent with the view that the Empetraceae 
belong in the same series as the Ericaceae. 

k) Cyrillaceae. Bentham and Hooker (1862-1883) belatedly placed 
this little group as Ordo XLVIa after Ilicineae (Aquifoliaceae) in their 
Olacales. Several authors (Bessey, 1915; Hutchinson, 1926; Gundersen, 
1950; Pulle, 1952) have included it in the Celastrales. Others have sug- 
gested that it belongs in the Sapindales (Uphof, 1942, who has it before 
the Pentaphylacaceae, Corynocarpaceae and Aquifoliaceae; Lawrence, 
1951). Others again have put it in the Ericales (Bicornes) (Hallier, 1912; 
Van Tieghem & Constantin, 1918), while Gundersen, though placing it 
in the Celastrales, as noted above, remarks that the “characters of Cyrilla 
suggest Ericaceae.” He includes the three families Theaceae, Ericaceae, 
and Cyrillaceae among those groups which, he says, should be investigated 
from many points of view. We have already discussed the first two as (d) 
and (f) in the present “positive” series. Does the family Cyrillaceae also 
fit into it? 
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The family may be considered to have 4 genera: Cliftonia Banks ex 
Gaertn., with but one sp. in Georgia and Louisiana; Purdiaea Planch. with 
9+ spp. in northern S. America and the Antilles*; Cyrilla Gard. ex. L., 
with 8 spp. ranging from S. Virginia to the W. Indies and S. America; 
and Cyrillopsis Kuhlm. with 1 sp. in Brazil. 

We have tested but one member, Cyrilla racemiflora L., with the HCI/ 
methanol reagent and obtained a fairly strong positive test (3, “eupatorium 
purple”). We did not see raphides in this species. Metcalfe and Chalk 
(1950) make no mention of them in the material which they studied. We 
have found no records of HCN in the family. 

What little evidence there is, then, is consistent with the view that it 
“belongs here,” but it is obviously a group that would repay investigation. 


4. Parietales 

We have now considered three lines of chemical inquiry in some detail: 
(a) the occurrence of cyanogenetic glycosides and thus of HCN when these 
are hydrolysed, (b) the presence or absence of raphides, and (c) the prob- 
able presence or absence of catechol tannins as revealed by the HCl/ 
methanol test. 

Can information from these sources, even when it is scanty, be used 
as a guide for further work? A brief survey of the Parietales will, we feel, 
answer this question in the affirmative. 

Lawrence (1951), following Engler and Diels, has 31 families (32 if 
we separate Hypericaceae from the Guttiferae) in this order. Many tax- 
onomists consider this to be an unnatural grouping. We have not yet made 
a detailed study of the order but have tested many species that are included 
here and we have also collected a considerable body of data from the litera- 
ture. This is summarized in Table VI where we have listed: the sub-orders 
and families; the numbers of genera and of species generally considered 
to belong in each family; records of presence or absence of HCN; records 
of presence or absence of raphides; reaction to the HCl/methanol reagent; 


and any striking chemical peculiarities of the families. In listing the occur- 


rence or absence of raphides we have had to rely largely upon Metcalfe 
and Chalk (1950) and we have assumed that they have noted the pres- 
ence or absence of raphides in at least one species of each genus which they 
list as examined. 

It is clear from the table that with the exception of one record in the 
Guttiferae (Adriaens, 1933, in seeds of Allanblackia Klainei Pierre) which 
should be most carefully checked, HCN seems to be restricted to the sub- 
order Flacourtiineae. There it has been found in one member of the Canel- 
laceae (Canella alba Murr., Greshoff, 1909); in 15 or 16 spp. belonging 
to 8 or 9 genera of the Flacourtiaceae; in the Turneraceae; and in the 
Passifloraceae. 

The occurrence of HCN in the Turneraceae is interesting. We have had 


*Marie-Victorin (1948, posthumous) says there are 9 spp. in Cuba alone 
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rABLE \ 


He HCI/MerHaNoL Test—A “Positive” SE 


HCI/Methano Raphides HCN 
(Test A) 


Family 


(Genera /Species) Positive Negative Present Absent Positive Negative 


Dilleniaceae . 6/14! 
(11/275 


Actinidiaceae 
(4/285 
Bixaceae 


(1/l or 2 


T heaceae 
(30/500 


Clethraceae 
(2/31) 


Ericaceae 
(70/1900) 


P yrolac eae 
(10/32 


FE pacridaceae 
(25-30 /350) 


Diapensiaceae 
(6/12) 


Em petraceae 
(3/6 


"yr illaceae 
(4/20?) 


'In 4/7 they are small and unarranged 

2Sladenia. This genus may belong to the Theaceae. 

87 etramerista, Pelliciera, and Trematanthera. These are sometimes excluded from the 
Theaceae (p. 17). 

‘Red with syringin test in 2/3. This usually is the equivalent of a positive HCI/methanol 
test 


‘See footnote on p. 31 


fresh material from but one species, Turnera serrata Vell., which gave a 
moderately strong reaction. Herbarium specimens seventy years old, how- 
ever, of 7. palmeri S. Wats., T. ulmifolia L. v. surinamensis Urban, Piri- 
quetia fulvua Chapm., and P. glabrescens Small, have given very weak to 





Sub-orders and 


families 


THEINEAL 
Dilleniaceae 
Actinidiaceae 
Eucryphiaceae 
Medusagynaceae 
Ochnaceae 
Strasburgeriaceae 
Car yocaraceae 
Marcgraviaceae 
Qutinaceae 
Theaceae 
Guttiferae 

Hyper icaceae 
Dipterocar paceae 


TAMARICINEAI 
Elatinaceae 
Frankeniaceae 


Tamaricaceae 


CISTINEAI 
Cistaceae 
Bixaceae 


COCHLOSPF RMINEAI 


Covi.los permaceae 


FLACOURTIINEAE 
Canellaceae 
| tolaceae 


Flacourtiaceae 


Stachyuraceae 
Turneraceae 
Malesherbiaceae 
Pa ssiflorac eae 
Achariaceae 
PAPAYINEAE 
Caricaceae 


LOASINEAI 


Loa sacede 


rABLE VI 


CHEMISTRY OF THE PARIETALES 


Genera HCN Raphides 


and 


species Present Absent Present \bsent 


_ 


See 


bo 


| ee 


S$ or gy 
15 or 16 


5 or 6 
110 
30 
600 
3or4 


2/30 


HCl 


Methanol 


Other 


No 
gypsum 
1? Gypsum 


Chaul- 
moogric 


acids 
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TABLE VI (continued) 


Genera HCN Raphides HCl/Methanol Other 
Sub-orders and and 


families species Present Absent Present Absent 


DATISCINEAI 


Datiscaceae 


BEGONIINEAI 


Begoniaceae 


ANCISTROCLADINEAI 


A ncistrocladaceae 1/12 


'In 4/7 they are small and unarranged 

2Sladenia. This genus may belong to the Theaceae. 

'Tetramerista, Pelliciera, and Trematanthera. These are sometimes excluded from the 
T heaceae 


‘This column includes species giving weakish tests. In some cases these may be due to 
anthoc yanins, etc 


moderately strong reactions (see also p. 11). We have not had a negative 
test in any member of this family. Metcalfe and Chalk (1950) say: “‘It is 
generally thought by systematists that the Turneraceae have close affinities 
with the Passifloraceae, a view which is supported by the anatomical 
similarity of the two families.” Plants of the Passifloraceae, as far as we 
have been able to test them, are also very rich in HCN (Table VI), thus 
supporting this view. 

Raphides, on the other hand, seem to occur only in the sub-order The- 
ineae and there only in certain families (see also p. 17). 

The HCl/methanol test gives positive results in several families of the 
sub-orders Theineae and in both families of the Cistineae. There are indi- 


cations that it may more generally yield negative results in the Flacourti- 
ineae, 


These are but indications: sufficient, however, to make us believe that 
further chemical investigation will help towards a more natural grouping 
of the families involved. 

5. Seed-fats 

Plants are able to synthesize a bewildering variety of fatty acids and to 
combine them with glycerol to form fats and fatty oils. These are often 
stored in very large quantities in the seeds and/or less often in the fruit 
coats (oil-palm, olive). It is easy to hydrolyse fats and oils but much more 
difficult to separate the often complex mixtures of fatty acids which result. 
The great economic importance of these substances, however, has stimu- 
lated research in this field and we know at least the approximate composi- 
tion of the seed-fats and oils of many economic plants. What is needed 
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now is the systematic investigation of whole groups, whether useful to 
man or not. 

We may refer here only to three or four of the many families in which 
research has revealed interesting facts. 

a) Palmae. The big family of the palms (Palmae or Arecaceae) con- 
tains many species whose large seeds are extraordinarily rich in fats, some 
of which, such as coconut oil and palm-kernel oil, are of the greatest eco- 
nomic importance. The mixture of fatty acids occurring in these seems 
always to contain lauric acid (Ci2) in largest amount, with Cio, Cis, Cs, 
Cie, Ce, Cis acids in smaller proportions (Fig. 3). There is thus an obvious 
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Figure 3.—Fatty acids of the seed-fats of nine genera of palms (from data in 


Hilditch, 1940) 


chemical relationship among these palms, and Hilditch (1952) says that 
“In both constancy and complexity of the mixture of fatty acids present, 
the seed fats of the palm family form the outstanding instance of specificity 
of fatty acid composition within a single botanical family.” But what of the 
seeds of the families (Table III) that are so often associated with the 
Palmae to form the order Spadiciflorae? We know almost nothing of 
their comparative chemistry, yet it might well throw light upon the sup- 
posed relationships within the group. 

(b) Juglandaceae. The seeds of the Walnuts (Juglans spp.) and 
Hickories (Carya spp.) are rich in fat and some of them have been care- 
fully analysed. ‘Table VII summarizes the results as recorded by Hilditch 

1947). 

It is evident that the genus Carya differs from Juglans in its fats, just 
as it differs in its water-contents (Fig. 1). It would be of the greatest inter- 
est to know if Pterocarya resembles Juglans more nearly than Carya in its 
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rABLE VII 


Fatty Acips or Seep-Fats or THE Juglandaceae (AFTER HiLpitcH, 1947) 


Fatty acids (%) 
Specie 


Palmitic + Stearic Oleic Linoleic Linolenic 


Carya illinoenis Wang 80 16 0 
(Hicoria pecan Brit 


Carya cordiformis (Wang 


K. Koch 
Juglans regia L 
J, mandshurica Maxim 
],. steboldiana Maxim 


(J. cordiformis Maxim. \ 
atlantifolia (Carr.) Rehd.?) 


fats as it does in water-content and other characters. We are tempted to 
predict that it will be found to do so. 


c) Flacourtiaceae. This family, generally considered to be a member 
of the Parietales (p. 33), is known to contain in its seed-fats a unique 


series of fatty acids. These, the chaulmoogric acid series, contain a 5-car- 
bon ring. They are strongly optically active and so may be detected with 
some ease. We discussed them at length in an earlier paper (Gibbs, 1945) 
and pointed out that they are known to occur only in certain tribes of the 
Flacourtiaceae. In 1945 we knew of them in the tribes Oncobeae and 
Pangieae. They seem to occur also in’ the Casearieae (Zuelania; 2 spp. of 
Casearia; Laetia; Samyda; Ryania). Except for this extension within the 
family there has been no discovery, so far as we know, of similar acids else- 
where in nature. A plant containing fatty acids of this type may still be 
referred without hesitation to this family. 


6. Alkaloids 

These remarkable substances, which are practically restricted to the 
plant kingdom, are among the most interesting for the student of chemistry 
as applied to taxonomy. We have space here for but one or two examples. 

a) Colchicine and the Liliaceae. This alkaloid, whose extraordinary 
effects upon cell-divisions make it so valuable a tool in studies of induced 
polyploidy, has only recently been assigned a formula which is at all cer- 
tain. It probably has one six-membered and two seven-membered rings 
with the nitrogen in a side-chain: 
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H 
N 


CH 


O may be 
OCH { transpose¢ 


Like many other alkaloids it does not occur alone but is accompanied, at 
least in Colchicum autumnale, the Autumn Crocus, by closely related sub- 
stances. Thus Cook and Loudon (in Manske & Holmes, 1952) say: 


Colchicine may be regarded as the prototype of a group of alkaloids which are 
now known to occur with it in Colchicum autumnale. Seven new crystalline 
alkaloids have been isolated from this source and there are indications that the 
group is still incomplete. At least five of these alkaloids are akin to colchicine 
in absorption spectra. Of these, one has been identified by partial synthesis 
from colchicine and contains an N-formyl group in place of the N-acetyl 
group. Iwo others have a hydroxyl group instead of a methoxyl group in ring 
A and yield colchicine on methylation. A fourth is possibly a homologue of 
colchicine since it is hydrolysed to colchiceine and is convertible into allo- 
colchiceine. Two of the remaining alkaloids are mutually related but, from 
their absorption spectra, appear to be less closely allied to colchicine 


Colchicine has been isolated from, or is almost certainly present in, 


about 15 genera (Tofieldia, Veratrum, Gloriosa, Androcymbium, Colchi- 
cum, Merendera, Bulbocodium, Anthericum, Asphodelus, Hemerocallis, 
Fritillaria, Tulipa, Lloydia, Ornithogalum, Muscari), all of which belong 
to the Liliaceae in the sense of Krause (writing in the second edition of 
Die natiirlichen Pflanzenfamilien, 1930). Now Hutchinson (1934) has 
argued that this concept of the family is too broad, that some groups should 
be removed from it and made into separate families, and that others 
particularly those with umbellate inflorescences, such as the Allioideae 
should be placed in the Amaryllidaceae. The old distinction between Lili- 
aceae and Amaryllidaceae, of course, was the position of the ovary ( Lilia- 
ceae superior; Amaryllidaceae inferior). Hutchinson considers the type of 
inflorescence to be more important than the position of the ovary. 

In Table VIII we have shown Krause’s division of the Liliaceae into 
sub-families (numbers of genera in each case in brackets) ; the names of the 
genera and the numbers of species believed to have colchicine; and the 
changes suggested by Hutchinson. It will be seen that all the genera that 
contain, or probably contain, colchicine are in sub-families 1, 3, 5, and 
6—groups which are left in the family by Hutchinson. There are thus no 
plants known to contain the alkaloid outside of the Liliaceae in the sense 
of Hutchinson! It seems, then, that the known distribution of colchicine 
strongly supports him but further work is needed before we can be sure 
of this. 





THE ROYAL SOCIETY OF CANADA 


rABLE VIII 


IACEAE (after Krause, 1930) SHOWING GENERA WITH COLCHICINE AND HUTCHINSON’S 
PROPOSED CHANGES IN THE FAMILY 


MELANTHIOIDEAE (44 gen.) Tofieldia (2?), Veratrum (2?), Gloriosa (2 


Androcymbium (1), Colchicum (7), Merendera (A), 


$ulbocodium (2?) 
HERRERIOIDEAE (1 genu 
ASPHODELOIDEAE (75 gen.) Inthericum (1?), Asphodelus (2?), Hemerocallis(2?) 
ALLIOIDEAE (26 gen.) Pro AMARYLLIDACEAE (Except Miluleae 
LILIOIDEAE (7 gen.) Fritillaria(1?), Tulipa(2?), Lloydia(1?) 
SCILLOIDEAE (28 gen Ornithogalum(3?), Muscari(1?) 
DRACAENOIDEAE (14 gen.) lo AGAVACEAE (except A stelia) 


ASPARAGOIDEAE (26 gen.) \sparageae—To RUSCACEAE 
except Asparagus) 
Polygonatae 
Convallarieae 


Parideae—To TRILLIACEAE 
MONDOIDEAE (4 gen.) 


ALETROIDEAE (1 genus) 
LUZURIAGOIDEAE (4 gen.) lo PHILESIACEAE 


SMILACOIDEAE (4 gen.) lo SMILACACEAE 


b) Protopine and the Papaveraceae. In 1944 Manske, reviewing pro- 
gress in our knowledge of the alkaloids, referred briefly to those of the 
Papaveraceae, upon which he and his colleagues have worked with such 
distinguished results. 

The family Papaveraceae in the broad sense (Fedde, 1936) is considered 
to have about 36 genera and about 766 species. It is divided into three sub- 
families: Papaveroideae, Hypecoideae, and Fumarioideae. ‘The first, which 
contains the Poppies, is a large group with perhaps 25 genera and 420 
species. ‘The second contains only Pteridophyllum with a single species, and 
Hypecoum with about 15. It is sometimes regarded as a bridge between the 
other two sub-families. The third has 9 genera and about 330 species. 

Some systematists, among them Hutchinson (1921), consider the Fuma- 
rioideae to be sufficiently distinct to be considered a separate family, the 
Fumariaceae. Hutchinson sees a connection between this group and the 
Berberidaceae. The Fumariaceae, he says (as quoted by Manske—I have 
been unable to see the original 


is quite distinctly separated as a group from Papaveraceae proper, and nearly 
as closely allied to certain genera of Berberidaceae, such as Epimedium, 
Aceranthus and Bongardia. That there is close affinity with certain Papaver- 
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aceae is quite evident, especially with Chelidonium and allied genera. But it 
is probable that this alliance is more apparent than real, and that the Fumari- 
aceae have not arisen directly from the ancestors of the present Papaveracea 


Manske feels that 


the alliance is more real than apparent, and it is his [Manske’s] opinion that 
the nature of the contained alkaloids can already decide the issue. No plant 
in the entire Papaveraceae family has yet been found to be devoid of alkaloids 
and at least one alkaloid, namely protopine, is present in every plant. What is 
equally significant is that protopine has never been found in any plants of 
other families 

Manske himself has since called my attention to a recent finding of ex- 
traordinary interest. It seems that Ohta (1949) has found protopine in 
Nandina domestica. Now this plant has been considered to be a member 
of the Berberidaceae and Ohta’s finding lends support to Hutchinson’s 
view that there is indeed a connection between the families involved. 

We have already met with Nandina, which we considered as a possible 
new monotypic family, Nandinaceae (p. 13). We have seen, too, that 
Bongardia, mentioned in the quotation above from Hutchinson, resembles 
Nandina and seems to differ from other members of the Berberidaceae in 
having HCN. Will it prove also to resemble Nandina in possessing pro 
topine? 

We must not let the finding of protopine in a plant outside the Papaver- 
aceae blind us to the very strong evidence from the work of Manske and 
others that the Papaveroideae, Hypecoideae, and Fumarioideae are indeed 
very closely allied chemically. This work is one of the best examples of the 
worth of comparative chemistry as applied to taxonomy. 


7. Ac eraceéae 


When we first saw Isenberg and Buchanan’s paper (1945) on the use 
of the HCl/Methanol reagent we were agreeably surprised to find that 
they had noted a distinct difference in the behaviours of the woods of Acer 
negundo and the other species tested by them: “In the genus Acer, all the 
species examined, except box elder (Acer negundo) and its varieties, gave 
an intense color in a short period. This is a color test for separating this 
species from all the others in the genus.” 

Now what we usually call Acer negundo today was at one time included 
in a separate genus Negundo Moench. with (according to Index Kewensis 
4 “good” species: N. aceroides Moench (our present Acer negundo L. 
N. californicum Torr. & Gray (A. negundo subsp. californicum (T.& G. 
Wesm.); N. mandshuricum Bud.; and N. mexicanum DC. (A. mexicanum 
Pax). 


More recent treatments of the genus Acer include the Negundo group as 
one or two sections. Thus we find that Pojarkova (1933) has a section 
Cissifolia with Acer henryi Maxim. and A. cissifolium C. Koch., and a 
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section Negundo with A. negundo L., A. californicum Dietr. (A. negundo 
subsp. calif.), and A. serratum Pax. 

Bailey (1922) says of A. henry: “It has been concluded that this and 
the following species {A. cisstfolium| which have been hitherto referred to 
the preceding [7'rifoliata| section are more closely related to A. negundo 
and therefore better transferred to this [Negundo| section.” Now Bailey’s 
Trifoliata section still contains A. nikoense Maxim., A. griseum Pax., and 
A, mandshuricum Maxim. Pojarkova adds A. triflorum Kom., A. megalo- 
carpum Rehd., and A. sutchuense Franch. If Bailey's transfer is correct 
the chemistry of A. henry: and A. cissifolium should be that of the Negundo 
group rather than that of the 7 7ifoliata group. We have been able to test 
this to some extent, employing the HCl/methanol test; the ratio of syring- 
aldehyde to vanillin (S/V) from the lignins (Creighton, Gibbs, and Hib- 
bert, 1944; Towers and Gibbs, 1953); and the Maule reaction (Gibbs, 
1945). Table IX gives a summary of the results. 


PABLE IX 


CHEMISTRY OF ACER 


HC] Maule 


Sectioi speci methanol reaction 


lrifoliata nikoense 
triflorum 
griseum 


mandshuricun 


Negundo cisstfolium 
henry 
negundo 


n. var. calif 


It will be seen that the chemistry of A. henryi and A. cissifolium J indeed 
that of the Negundo group rather than that of the Trifoliata group. We 
are inclined to believe, as we suggested in 1953 (‘Towers and Gibbs), that 
the genus Negundo might well be revived and that it might include the 
present A. cissifolium, A. henryi, and A. negundo (and its varieties 

It may be added that the results from the Trifoliata section—a strong 

$4) HCl/methanol reaction, a high S/V ratio, and a strong (+ -+-+-) 
Miule reaction—are typical of the other species of Acer proper (many of 
which we have tested but have not listed here 


IV. SUMMARY, CONCLUSIONS, AND ACKNOWLEDGMENTS 
In the foregoing pages we have first considered briefly the application 
of criteria other than the morphological and chemical to problems of 


phylogeny. We have then discussed comparative chemistry in rather more 


detail. Our own feeling with respect to the use of this is much like that of 
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Metcalfe (p. 8) who was writing of anatomy rather than of chemistry. 
We feel that the chemists have provided us with a tool (in knowledge of 
the actual compounds involved, and of the methods for their recognition 
which has not yet been applied systematically to the problems of the 
botanist. 


One of the difficulties has been that the isolation of chemical entities 
was often a long and painstaking task. Today, chromatographic and other 
new techniques are making the way easier and are speeding up operations 


in what seems almost a miraculous manner. We may therefore look hope- 
fully to the future, confident that the next few decades will see remarkable 
advances towards that elusive goal of the botanist—a real phylogeny of 
flowering plants. 

A second difficulty is that the most interesting plants are often difficult 
to obtain in fresh condition. Even the great collections, such as those at 
Kew, lack certain genera altogether or have but a single species out 
of many. Just as chromatography, for example, has speeded chemistry, so 
air-mail has now made possible the examination of essentially fresh 
specimens collected in their original habitats, often thousands of miles 
away. 

It remains to write the pleasantest part of this review: the expression 
of thanks to those who have helped us by the collection and forwarding 
often by air-mail) of fresh specimens; by providing references; by giving 
us facilities for our own investigations; and by assistance in those in- 
vestigations. It would be invidious to mention individuals, and they are 
too numerous to list completely, but we offer our thanks to them in- 
dividually and collectively. The Directors and Staffs of the following in- 
stitutions have also been of the greatest help to us, and they, too, have 
earned our gratitude: the Royal Botanic Gardens, Kew (including the 
Jodrell Laboratory); the Montreal Botanical Garden; the New York 
Botanical Garden; the Brooklyn Botanic Garden; the Arnold Arboretum; 
the Dominion Arboretum, Ottawa; the George Moore Botanical Labora- 
tory at the University of Southampton; the Blandy Experimental Farm 
of the University of Virginia; the Royal Botanic Garden, Singapore; and 
the Rancho Santa Ana Botanical Garden, California. 

Finally, part of our work has been made possible by annual grants from 
the National Research Council, Ottawa, and by a grant from the Com- 
mittee on Research of McGill University. Grateful acknowledgment of 
these is made. 
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Growth of Pseudomonas aeruginosa with Glucose, 
Gluconate, or 2-Ketogluconate as Carbon Source 


By JACK J. R. CAMPBELL, AUDREY G. LINNES and 
BLYTHE A. EAGLES, F.R.S.C 


T has now been established in this laboratory (1) that Pseudomonas 

aeruginosa oxidizes glucose by way of gluconic and 2-ketogluconi« 
acids. It has also been shown by Wood and Schwerdt (2) that this organ- 
ism does not possess the enzyme hexokinase and therefore cannot phos- 
phorylate glucose. Because the oxidation by way of gluconic acid does not 
involve phosphorylation, the pathway has not been widely accepted—for 
it is generally recognized that the sole mechanism for the transfer of energy 
in biological systems involves phosphorylation. Ochoa (3) and others have 
recently suggested that in reality the genus Pseudomonas oxidizes glucose 
by way of phosphogluconic and 2-ketophosphogluconic acids and the un- 
phosphorylated products which we have detected are merely the break- 
down products of the true intermediates. This suggestion merits attention, 
for it is known that some bacteria oxidize glucose by way of phosphoglu- 
conic and 2-ketophosphogluconic acids and, following the concept of 
comparative biochemistry, it would be logical to expect that Pseudomonas 
aeruginosa would behave similarly. In an effort to determine whether or 
not this organism does gain energy from the oxidation of glucose or 
gluconic acid to 2-ketogluconic acid, experiments on the growth of Pseudo- 
monas aeruginosa with glucose, gluconate, or 2-ketogluconate as carbon 
source were undertaken. 


METHODS 

Pseudomonas aeruginosa ATCC. 9027 was used throughout. The growth 
medium employed was an inorganic salts medium with ammonium di- 
hydrogen phosphate as the nitrogen source. Tween 80* at a concentration 
of 0.02 per cent was added to all flasks to reduce the possibility of pellicle 
formation. For bacterial growth measurements, 250 ml. Erlenmeyer flasks 
containing 25 ml. of medium were employed, The carbon source—glucose, 
gluconate or 2-ketogluconate—was sterilized separately and added 
aseptically. An inoculum of 0.05 per cent was used and the inoculated 
flasks were incubated at 30°C on a rotary-type shaking machine. A Fisher 
electrophotometer was used for the turbidimetric determinations. Protein 
nitrogen determinations were carried out by means of a quantitative biuret 
test. In order to eliminate pellicle formation and thereby make possible 
accurate turbidimetric readings, all glassware was cleaned chemically. 

*p 


olyoxyethylene sorbitan monooleate, obtained from the Industrial Chemicals 
Department, Atlas Powder Company, Wilmington 99, Delawar 
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EXPERIMENTAL 

It has been established by Monod (4), by employing the basic principles 
of microbiological assay, that over a range of limiting quantities of carbon 
source, bacterial growth is a direct function of the amount of the carbon 
source. In confirmation of this observation we have been able to demon- 
strate that the growth of Pseudomonas aeruginosa is directly proportional 
to the amount of glucose present in the medium over the concentration 
range of 0.0625—.25 per cent. When a single source of carbon is employed, 
it follows that the amount of growth obtained will be determined by 
the amount of energy which the organism gains from the oxidation of the 


carbon source. Therefore, using limiting and equivalent amounts of 


glucose, gluconic, and 2-ketogluconic acids, it should be possible to 
determine the relative amounts of energy gained by Pseudomonas aerugin- 
osa during the oxidation of these compounds. Experiments were carried 
out employing these substrates in amounts equimolar to 0.2 per cent 
glucose. Turbidimetric and quantitative biuret tests were initiated after 
14 hours of growth and were carried out every two hours until the carbon 
source was exhausted and no further increase in growth occurred, Growth 
was normally completed by 22 hours. In each of eight trials it was found 
that equimolar amounts of the three substrates produced identical amounts 
of growth. It can therefore be concluded that, since 2-ketogluconate 
supports the same amount of growth as glucose or gluconate, no energy 
was gained by the organism during the oxidation of these compounds to 
2-ketogluconate and therefore no phosphorylation was encountered at 
these steps. 

An additional difficulty in the interpretation of the findings arises when 
it is recalled that, if coenzymes I or II are reduced during the oxidation 
of glucose or gluconate, the subsequent oxidation of these coenzymes 
would result in the generation of three high energy phosphate bonds per 
mole. However, no evidence has yet been found, either in our laboratory or 
in that of Dr. W. A. Wood at the University of Illinois, for the participa- 
tion of these coenzymes in these oxidations. 


SUMMARY 

On the basis of the work reported upon and other available data, it is to 
be concluded that the oxidation of glucose or gluconate by Pseudomonas 
aeruginosa does not involve phosphorylation of these molecules and that 
subsequent phosphorylation due to the oxidation of reduced coenzymes 
does not occur. 
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Palaeobotanical Method in the Prediction of Sub-Surtace 
Summer Ice Conditions in Northern Organic Terrain 


By NORMAN W. RADFORTH 
Presented by G. KROTKOV, F.R.S.C. 


ERMAFROST in Alaska and in the Canadian north is claiming 

increasing interest within the broader subject of terrain interpretation. 
It is prominent in the list of factors pertaining to northern development 
where agriculture, forestry, mining, and military planning are involved. 
Engineering construction and transportation are among many activities 
which because of permafrost must deal with circumstances not encountered 
in the south. 

The extensive organic terrain characterizing much of the north is 
physically one with the permafrost, the latter being as important a com- 
ponent of the organic terrain as water is of mineral soils in the south. 
Though it has not been emphasized in the literature, the influence of 
permafrost is probably due to the properties of its active layer for which 
the expression “‘climafrost’* is in use in our laboratory. 

It is with the climafrost and its relationships to northern organic terrain 
that this paper deals. ‘The main purpose is to bring to light the chief types 
of frost phenomena contributing to the physiography of the terrain, to 
investigate their character relative to variation in muskeg constitution, to 
ascertain whether their presence is predictable, and to explore their use- 
fulness as topographic agents in surface characterization of muskeg. 

Examination of frost behaviour was made during the summer months 
in the region of Churchill, Manitoba, over a period of three years. 
Attempts to include in the study all characteristic types of organic terrain 
were encouraged. 

In order to assist the reader in appreciating the results, reference should 
be made to work that preceded the frost studies. This is recorded elsewhere, 
and deals with the recognition of organization in organic terrain (1) and 
with the use of plant materials in predicting sub-surface change in its 
constitution (2). In both papers, vegetal coverage, the living component 
of the organic layer, was identified by combinations of class letters which 
described the coverage in terms of composite structural qualities rather 
than on the basis of plant names. Of the combinations of letters used, 
some were applied more frequently than others and were representative 
for most of the area geographically. A list of these coverage formulae is 
given in Table I, where their meanings in terms of vegetation structure are 


*Suggested by W. J. Thorne, Research Assistant, McMaster University, to designate 
that part of the permafrost affected by seasonal climatic factors 
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TABLE I 


SITES OF OCCURRENCE FOR SUB-SURFACE ICE PHENOMENA 


Coverage formula Structure 


HE low, non-woody, of leathery texture, in 


mostly continuous mats, with low woody 
shrubs 


non-woody, grass-like clumps or patches, 
sometimes touching, with non-woody, low 


velvety plants, often in continuous mats 


EH invading BEH woody, low shrubs, with low, non-woody, 
stemless, leathery plants in mostly con- 
tinuous mats 


\BH, BHI woody, tree-forms, with low, non-woody, 
leathery plants in mostly continuous mats 


and low woody shrubs 


woody, tree-forms of varying height (from 
5 to 15 feet and over), with low, woody 


shrubs 


also expressed. ‘The coverage formulae mentioned in the table are those to 
which the significant information about ice-form applies. Because of their 
relationship to large areas of terrain, it will be clear that the character- 
istics of the ice will be widely applicable in the Churchill area. 


Sus-SurFACE Ice Forms 
Discontinuous Forms 


The retreat of winter conditions is followed by the occurrence of 
isolated and somewhat distinctive ice phenomena. These are of three main 
categories: 

Type I. Vertical Free Lift (Fig. 1). 

Type II. Vertical Confined Lift (Fig. 5). 

Type III. Displacement Fault (Fig. 7). 

Type I is characterized by localized heaving resulting in the upward 
thrust of irregular ice masses frequently exposed to view and capped by 
disrupted patches of the living and dead organ‘c overburden. 

Type II resembles Type I in that upward thrusting is involved. The 
evolution of the formation, however, differs. The effect of the vertical force 
is somewhat confined, with the partly frozen organic matter, depending 
upon its elasticity, gradually forming a dome above the disturbance. The 
process takes two to three weeks and the amplitude of the dome is from 
two to three feet. Following this, the cohesiveness in the organic roof 
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Ficure 5,—-Water-spout resulting from effect of Type II ice phenomenon (Vertical 
Confined Lift Ficure 6.—Ground photograph showing irregularities in terrain 
(ridges) characteristic for Type VI ice phenomenon (Ridge Elevation). Ficure 7 
Fissured terrain resulting from the effect of Type III ice phenomenon (Displacement 


Fault 
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Ficure 8.-—Ground photograph showing change in topography at site of ice wedge 
in Type IV (Polygon Differential). Ficure 9.—Irregular terrain showing “mounding” 
condition often resulting from the effect of Type VI (Ridge Elevation 
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breaks down and a gush or water-spout issues forth. The water ejected 
maintains a steady stream rising about a foot in the air and subsides within 
a day or two. Flow may continue thereafter for an indefinite period 
depending upon local terrain conditions and water potential. 

Type III arises as a result of action from lateral forces and results in 
the splitting of the terrain followed by horizontal displacement. The 
crevasse so formed is usually not deep (20 to 26 inches) but the splitting 
may go deeper into the mineral substratum. On the surface, one crevasse 
was traced for about 75 feet, but many examples are shorter. Lateral dis- 
placement is usually not more than one foot at the widest point at ground 
level. 

Whereas Type III affects terrain composure in the linear sense, I and 
II disturb in terms of area so far as visual effects are concerned. The 
visible influence of the vertical free lift (Type I) is normally much more 
extensive than that of the vertical confined lift (Type II). The former 
may disrupt areas of as much as 10,000 sq. ft.. whereas the latter disturbs 
usually not more than 25 sq. ft. Ultimately, however, slight subsidence in 
the area surrounding the ruptured dome may somewhat extend the area 
of physical deformity. 

Each of the types mentioned represents a transient condition so far as 
terrain-contour change is concerned. By the third week in July in the 
vicinity of Churchill, visible detection of any of the types is difficult if not 
impossible, 

Sites of occurrence for Types I and II are almost invariably found in 
organic terrain designated by coverage formulae FI or occasionally I 

Table I). Type III, on the other hand, characterizes terrain supporting 
the BEH category of coverage (Table I). 


Continuous Forms 


Ice patterns of wider influence, which contribute more fundamentally 
to the physical character of the terrain in the summer, are not so readily 
recognized. 

In the course of palaeovegetographical study (1, p. 12) sub-surface in- 
spection has revealed variation in contour of the climafrost as it recedes. 
Four main contour patterns are common. 

Type IV, Polygon Differential (Figs. 3, 8). 

This pattern, represented in section in the schematic diagram Fig. 10, 
remains consistent in form until September when its identity is partly lost 
through melting. Until nearly the end of July its form persists no more 
than 20 inches below the surface of the organic matter and still high within 
it. Towards the end of August, it is still to be found within the organic 
matrix and in some cases persists up to the third week in September when 
frost conditions start the winter cycle at the surface. The wedges marking 
the margins of the ice polygons conform to the topographic character. 

Fig. 8). The ice-surface plateau across the face of each ice polygon there- 
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Figure 10.—The junction of two polygonal areas seen in sectional view, horizontal 
scale 1” = 28”, vertical scale 1” = 8”. 

fore varies with the corresponding dimension measurable at the terrain 
surface. This distance may vary from 5 or 6 feet to about 50 feet. ‘The ice 
at the wedges usually has less organic matter in it, is often aerated, and 
fractures very irregularly. That towards the centres of the polygons is 
normally impregnated with peat except for occasional ice lenses which vary 
in thickness from a few inches to a foot in depth. Until August the frozen 
peat is highly resistant to mechanical stress and repels the cutting edge of 
ordinary hand drills when attempts are made to drive them in with a sledge 
hammer. 

It is hoped that this account of the ice features associated with the 
polygons will appropriately augment the account of polygon classification 
admirably devised by A. L. Washburn (3). 

Type V, Pond Hole (Fig. 2). 

This type, represented in section by Fig. 11, is also of frequent occur- 
rence. That part of the ice contour adjacent to open water recedes in depth 
faster than the remainder of the contour as the summer thaw advances. 
Thus high shoulders of ice may be found adjacent to ponds or drainage 
reservoirs. 

It will be noted in the composite diagram, Fig. 12, which is derived 
from actual measurement in the field, that the configuration is almost 
bilaterally symmetrical about a vertical axis running through the water. 





THE ROYAL SOCIETY OF CANADA 


> / 
i 

A 

| 

' 





> 


> a a 
. -_- Bowe 
a 4 
> 


> 


a . 


Fioure 11.—-Sectional view of ice contour change (lower line) for Type V (Pond 
Hole, cf. Fig. 12). 
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Figure 12.—Type V permafrost contour map. 
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Since reservoirs of this nature are of frequent occurrence and ice contour 


is characteristic for the physiographic condition, the contour pattern is 
correspondingly prevalent. Only the ratios of amplitudes of the peaks and 
depressions change with season; the basic pattern remains as a seasonal 
feature even though by mid-September the ice represented by the central 
part of the curve (Fig. 11) thaws to a level below the organic matter. 

Type VI, Ridge Elevation (Fig. 6). 

The ice contour line rising into the peaty shoulder in Fig. 11 eventually 
flattens out unless polygons are encountered or unless relatively poor drain- 
age conditions obtain. In the latter circumstances, the contour line will 
lower. In this kind of terrain, however (Fig. 6), ridges of different lengths 
are often in evidence topographically. Sometimes they form concentric arcs 
of very shallow curvature. If, on the other hand, the ridges are irregularly 
disposed, they are much broken and the segments are often so short that 
their length hardly exceeds their width, and a “mounding” condition exists 
(Fig. 9). Notwithstanding this, the ice contour is high in the sub-surface 
directly beneath the ridge; hence, the marked irregularity shown in the 
section (Fig. 13). 

















Figure 13.—Ice surface contour for Type VI (Ridge Elevation) seen in cross section 
Scale, horizontal and vertical 1” = 5.6’. 

Type VII, Boulder Locus (Fig. 4). 

Where rock intrusions exist in the organic layer, depth of frost may be 
to some extent a function of the thickness and type of the organic over- 
burden characteristic of the area. It is more likely, however, that the ice 
contour is controlled by drainage conditions. The contour pattern shown 
in Fig. 14 is typical for frost-depth measurements on a traverse through a 
boulder site. 

Type VIII, Multiple Knoll (Fig. 2, wooded background 

It is difficult to construct a type-configuration curve for this contour 
form. The reason lies in the presence of many combinations and disposi- 
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Figure 14.—Ice contour for Type VII (Boulder Locus) seen in section. Vertical 

scale 1” 20”, 





tions of small and iarge knolls which constitute the elevated ice plateaus 
formed by the knolls. The top curvatures of the knolls differ in the length 
of their horizontal axes on an average of from one to four feet. Also, the 
extremities of their amplitudes come at different heights. These features are 
easily appreciated when an observer attempts to traverse the terrain either 
in a vehicle or on foot. On the other hand, though the ice knolls can be 
detected as they are passed over, they cannot always be seen. Often the 
inter-knolls, so far as surface topography is concerned, are packed with 
growth which attains a height approaching that of the plants growing on 
the knolls, suggesting that the whole area in question is a level plateau with 
irregular sides. 

In many cases, intermittent curves of horizontal, long tree-roots, and 
woody thickenings caused by two or more roots overlapping, form the 
nuclei for the knolls. Here, following the first week in August, knolls 
diminish in size rapidly though their presence can still be detected at the 
end of the same month. 
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CLIMAFROST RELATIONS WITH MACROFOSSIL CONSTITUTION 
OF THE ORGANIC TERRAIN 

In the description of the multiple-knoll type of climafrost contour, there 
is suggestion of relationship between sub-surface vegetal parts and the ice 
contour pattern. It is frequently the case that the woody cores of the knolls 
are not root parts of present-day trees but preserved woody segments of 
trees of past generations. Indeed, such macrofossils characterize the areas 
where knolling effect prevails. 

It has been demonstrated elsewhere, that the sub-surface constitution of 
the organic terrain varies widely depending upon size, form, frequency, 
and placement of the fossil components in the matrix (2). Because of this 
variation, frost depths were measured in all types of muskeg that com- 
monly constitute the terrain. Results of the analysis show that mean depths 
to frost line for types of peaty coverage differed. Relationship among the 
means is expressed in the diagram Fig. 15. Further comparison between 
muskeg type and climafrost contour type is given in Table II (cf. columns 
2 and 4). 

It should be emphasized that where structural constitution of the organic 
matter is uniform in depth and uninterrupted across the terrain, irregular- 
ity of ice-form contour is slight. It is equally important to stress, however, 


that the depth to the frost line will differ depending upon the macrofossil 


constitution of the muskeg type in question. 
With seasonal shift, change in ice-form contour proceeds more rapidly 
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Ficure 15 Mean depths to ice contour for selected categories of organic terrain 
construction 
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in some macrofossil assemblages than in others. A qualitative assessment 
of this circumstance is suggested in Table II, column 5. Comparative rates 
of change in depth corresponding to different macrofossil constitutions are 
expressed qualitatively in Table II, column 6. Though these designations 
are relative and empirical, they have been found to be useful in assessing 
and predicting seasonal dynamics in the climafrost. 


VEGETAL COVERAGE IN RELATION TO CLIMAFROST 


In the previous werk (2), where the author established that coverage 
classes of the living organic layer could be correlated with sub-surface con- 
stitution, no reference was made to ice formation. This matter has since 
been reviewed and the results of inquiry show that climafrost contours most 
frequently relate to the types of coverage listed in Table I. These, in terms 
of coverage formulae, are listed in Table II, column 1. Inspection of this 
table will suggest that corresponding ice-form contour types are character- 
istic for the coverage type in question. This is confirmed if a comparison of 
coverage formulae and ice-form pattern contour is made in Figs. 10-14 
inclusive. 

It is useful to recognize that coverage class is often associated with char- 
acteristic topographic features (Table II, columns 1 and 3). In ascertain- 
ing or predicting sub-surface ice conditions in the field, the utilization of 
this relationship is helpful. 

It has been indicated elsewhere (1) that coverage formulae can be used 
validly for purposes of predicting sub-surface muskeg constitution, pro- 
vided limited laboratory microfossil inspection is supplied as collateral 
information. It may also be inferred that the sub-surface organic terrain 
conditions can be mapped since coverage distribution can be charted (1, 
pp. 6, 7). The author might have suggested this in a previous work but 
was prevented only because there was uncertainty then whether the evi- 
dence contributed through analysis of the organic contents could be re- 
lated to climafrost conditions. This difficulty is now obviated, and coverage 
formulae support the view that sub-surface ice phenomena can be pre- 
dicted and charted in terrain mapping and in interpreting aerial records. 


ACKNOWLEDGMENTS 


The work presented in this account relates to the interests of the Asso- 
ciate Committee on Soil and Snow Mechanics, National Research Council, 
and to the Arctic Research Section, Defence Research Board, National 
Defence Headquarters. Both organizations have provided material and 
financial assistance, and the author is grateful for this support. Colleagues 
and assistants have made their contributions in the field and in the labora- 
tory in procuring data utilized here. To these, the author is also indebted, 
particularly to Miss Jean Evel, Mr. E. J. Johnson and Mr. W. J. Thorne, 


who have more recently assisted in co-ordinating and typing the data pro- 





64 THE ROYAL SOCIETY OF CANADA 


vided. Mr. R. F. Legget, Director, Division of Building Research and 
Chairman of the Associate Committee on Soil and Snow Mechanics, has 
inspired the author with his sustained interest and criticism as the muskeg 


investigations unfold. 


REFERENCES 


1. Raprortu, N. W 1952 Suggested classification of muskeg for the engineer 
5 


Engineering Jour. 3 1-12 
1953 The use of plant material in the recognition of northern organic 
terrain conditions. Trans. Roy. Soc. Canada, Series III, 47, Sec. V: 53-71. 


WasuBurn, A. L. (1950). Patterned ground. Revue can. géog. 4: 5—54 





TRANSACTIONS OF THE ROYAL SOCIETY OF CANADA 
VOLUME XLVIII_ : SERIES III : JUNE, 1954 
SECTION FIVE 


EKO KEKE KEKE KEKE REE KEKE KE KEKE KEKE KEKE KEKE KEKE KE KE KEKE 


Some Aspects of Protein Chemistry 


By D. A. SCOTT, F.R.S.C. 


HE word protein is derived from the Greek adjective “Proteios” mean- 

ing “of the first rank or position” (1). This word first appeared in 
scientific literature in 1838. It was used by Mulder for the designation of 
the complex radical which he thought was combined with sulphur or phos- 
phorus in proteins as they occur in nature. The view that there were only 
four fundamental proteins in nature, namely albumin, fibrin, casein, and 
gelatin, dominated the early years of protein chemistry, and this doctrine 
was refuted only in the first decade of the present century, largely through 
the work of Osborne and Wells who demonstrated the complete specificity 
of the proteins of plant seeds. To the early workers, who had no means of 
estimating their molecular weights, proteins were relatively simple organic 
compounds which passed from the plant into the animal metabolism with 
only minor changes. The complexity of protein molecules was not fully 
appreciated until the present century. In this paper only the chemistry of 
proteins will be discussed, but it should be realized that proteins occupy 
the first rank or position in animal nutrition, indeed in the whole organ- 
ism, and thus in the essential affairs of mankind. 

Proteins are made up of some twenty-five amino acids. The number of 
the amino acids, and also the quantity of each, vary with each protein. 
This fact is an important one to remember since because of it the physical, 
chemical, and crystalline properties of each protein are different from those 
of any other protein. The percentage distribution of amino acids in many 
proteins is known but I shall discuss here only the values found for insulin. 
In this protein, approximately 100 per cent of the amino acid constituents 
of the molecule are accounted for by the following (2): glycine, alanine, 
valine, leucine, isoleucine, proline, phenylalanine, tyrosine, glutamic acid, 
aspartic acid, serine, threonine, cystine, arganise, histidine, and lysine. In- 
sulin contains larger amounts of cystine, glutamic acid, and leucine than 
most proteins but is deficient in certain amino acids, notably tryptophane 
and methionine. In general, marked differences are observed in the amino 
acid content from protein to protein. To illustrate these differences, the cys- 
tine content of the protein insulin (12.5 per cent) may be compared with 
the cystine content of the protein carbonic anhydrase (1.3 per cent). A com- 
parison of the other amino acids in these two proteins would probably 
show equally interesting differences in values. 

Since proteins differ in their amino acid content, they naturally differ 
greatly in their chemical and physical properties. I have selected again for 
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comparison insulin and carbonic anhydrase, two typical proteins. Dilute 


aqueous solutions of insulin are comparatively stable, whereas dilute solu- 
tions of carbonic anhydrase are very unstable. Solutions of insulin can be 
heated to 70°C. for one hour without any marked loss in biological activ- 
ity, whereas solutions of carbonic anhydrase are completely inactivated at 


this temperature. Solutions of insulin are stable at pH 2.5 over long periods 
of time, whereas carbonic anhydrase solutions are readily inactivated at 
this acidity. Insulin is readily inactivated at pH 10, whereas carbonic 
anhydrase solutions are comparatively stable at this alkalinity. Insulin is 
insoluble at its isoelectric point, whereas carbonic anhydrase is soluble at its 
isoelectric point. Insulin is insoluble in saturated sodium chloride solutions, 
whereas carbonic anhydrase is soluble in such solutions. The protein insulin 
is much more stable in such solvents as alcohol and acetone than is car- 
bonic anhydrase. Insulin crystals can be dried without loss in activity 
whereas the biological activity of carbonic anhydrase crystals completely 
disappears on drying. Finally, insulin crystals normally have the form of 
rhombohedra, whereas carbonic anhydrase crystals appear as very thin 
plates. 

The molecular weights of proteins vary widely from around 10,000 to 
around 20,000,000. Estimations of molecular weights may be obtained by 
several means, one of the most important being the use of the ultracentri- 
fuge. As a matter of fact it was this instrument, as developed by Svedberg, 
which first showed that proteins have definite molecular weights. The 
instrument has proved to be an important aid in many studies of proteins 
and in the investigation of their biological properties because, in addition 
to indicating the molecular weight of large molecules, it can be used in a 
different form as a preparative tool to separate the substances present in a 
mixture of proteins into groups according to their molecular masses. Sved- 
berg’s early work with the ultracentrifuge led him to put forth the hypo- 
thesis that proteins were made up of single units of a molecular weight of 
17,600. This hypothesis seemed to hold for the first proteins studied, but 
as more proteins were investigated Svedberg’s hypothesis became less 
convincing. 

Besides differing in their chemical and physical properties and _ their 
molecular weights, proteins also differ in crystal habits; take, for example, 
pepsin (3), trypsin (4), pepsinogen (5). Although crystals of proteins are 
frequently microscopic, and photomicrographs are generally taken at mag- 
nifications of 100 to 300 diameters, such preparations have all the proper- 
ties of being crystalline, as shown by the following facts. When a suspension 
of protein crystals is shaken with their mother liquor, a marked sheen is 
produced. Examined under the microscope with direct light, the crystals 
generally show a well-defined outline with well-defined edges. Examined 
with polarized light between nicols, the crystals of most proteins are aniso- 
tropic. When the crystals are dried, many fracture and show well-defined 
cleavage surfaces. In many instances, the refractive index of the crystals 
has been determined 
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The number of proteins that have been crystallized runs into the hun- 
dreds. I think it is important to remember certain dates in the crystalliza- 
tion of proteins. Crystals of haemoglobin (6) were observed in 1840. Thus 
crystals of a protein were observed over a century ago and just a few years 
after Wohler had synthesized urea. It is surprising that biological chemists 
did not keep pace with organic chemists during the rest of the nineteenth 
century, as little was accomplished in crystallizing other proteins. In 1926 
the first enzyme, urease (7), and the first hormone of protein nature, 
insulin (8), were crystallized. In 1935 a virus was isolated for the first time 
in crystalline form (9). 

In the crystallization of a protein no one method can be relied on to 
lead to the isolation of crystals. There are three methods that are commonly 
used, namely, salt precipitation, isoelectric precipitation, and the use of 
solvents. The salts most generally used are sodium chloride, magnesium 
sulphate, and ammonium sulphate. A typical salt precipitation procedure 
followed in effecting the preparation of a crystalline protein is to first obtain 
a pure or almost pure aqueous preparation of the protein, and then add 
the salt until a slight turbidity develops. The mixture then either is just 
made clear by adding a small amount of water or is filtered. The solution 
is then placed in the refrigerator for a few days, during which time crystals 
may form and settle to the bottom of the solution. Generally acidity, tem- 
perature, and concentration of protein are important factors in obtaining 
protein crystals with these salts. The second method mentioned, isoelectric 
precipitation, depends upon the fact that proteins are amphoteric electro- 
lytes capable of forming ionizable salts with acids or with alkalies according 
to the hydrogen ion concentration. The critical hydrogen ion concentration, 
at which the protein is practically combined with neither acid nor base, 
is the isoelectric point of the protein. All proteins have an isoelectric point 
and in most cases show a marked change in solubility at this hydrogen ion 
concentration, which change may be used in preparing the crystalline pro- 


tein. The third method is by the use of non-aqueous solvents as precipi- 
tating agents. Those most commonly used are acetone, alcohol, or alcohol 
and ether. 


The degree of purification which must be achieved before any protein 
will crystallize depends to a great extent on the quantity of that protein 
which is present at the source from which it is obtained. In the case of 
serum albumin not a great purification is necessary before the protein can 
be crystallized. In the case of insulin or carbonic anhydrase, however, long 
and tedious processes of purification are necessary before the protein can 
be isolated in a sufficiently high state of purity to be crystallized. 

Crystalline preparations of biologically active proteins generally show 
their maximal activity in this state. However, crystals are not in themselves 
necessarily an indication of activity, and care must be taken not to inac- 
tivate certain physiologically active groups of the protein before or during 
the crystallization. For example, preparations of pepsin which have been 


acetvlated and which show a decreased activity still crystallize in the 
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original form (10). Similarly, Bushy stunt virus, which has been com- 
pletely inactivated with ultra-violet light or nitrous acid, still retains the 
property of crystallizing in the same form as the untreated virus (11). 

Having reviewed very briefly certain phases of the work on crystalline 
proteins, I propose to discuss more specifically the early work done on the 
crystallization of the hormone insulin. This hormone probably has been 
more intensively studied than any other protein. The first reason for this 
is that crystals of this substance have been available since 1926. It was the 
first hormone bearing a protein-like nature to be crystallized, and all the 
evidence points towards the crystals being a chemical entity. Secondly, 
insulin has a remarkable physiological activity that can be measured with 
a fair degree of accuracy, and, thirdly, as a protein it is remarkably stable. 

The first isolation of insulin in crystalline form was made by Abel (8) 
in 1926. ‘This work was very important, as indicated above, since it was 
the first instance of a hormone having the properties of a protein being 
prepared in crystalline form. Abel’s method consisted essentially in iso- 
electric precipitation of insulin from highly buffered aqueous solutions of 
ammonium acetate, brucine, and pyridine. In 1928 Harington and I (12) 
isolated insulin crystals from a buffered solution of ammonium acetate or 
sodium phosphate to which were added insulin and saponin. Both these 
methods, however, were unsatisfactory since certain brands of insulin 
would not crystallize by the Abel method, and the yields of insulin crystals 
generally accounted for not more than 15 per cent of the crude insulin 
powder when either method was used. In fact for some years the crystal- 
lization was very tedious and frequently illusive. 

During 1929 and 1930 I carried out many experiments in an attempt 
to improve the existing methods of crystallizing insulin. It was found that 
with certain preparations of insulin good crystals could be obtained from 
phosphate buffer solution containing 10 per cent acetone. Further experi- 
mental work indicated, however, that the ability to obtain crystals of insulin 
depended upon the presence of some substance apparently unknown to all 
of us. It proved impossible to attribute successful crystallization to any par- 
ticular constituent of the phosphate buffer, the water, or glass, and, since 
it seemed probable that inorganic substances played a definite role in the 
crystallization of insulin, there remained the possibility that the insulin or 
even the pancreas from which the insulin was extracted might contain 
inorganic substances which were, in part, responsible for successful crystal- 
lization of insulin. In searching the literature late in 1931, it was noted 
that pancreas was reported as containing appreciable quantities of zinc, 
cobalt, and nickel. Experiments were soon undertaken to see if these metals 
aided in the crystallization of insulin, and it was shown that the addition 
of zinc to an insulin preparation, from which it had been previously im- 
possible to prepare crystals, now made it possible to obtain an almost com- 
pletely crystalline product (13). The amount of zinc necessary to effect 
crystallization was about 1 mg. per 1000 international units of insulin. The 
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crystals obtained by this method had the same physiological activity and 
microscopic appearance as those previously isolated by the pyridine-brucine 
method of Abel or by the saponin method which Harington and I reported. 
In view of the successful and apparently essential use of zinc in these ex- 
periments, it was a matter of interest to find that a sample of saponin which 
had been shown to be very effective in promoting the formation of insulin 
crystals was one which contained zinc. Moreover, the ash of two samples 
of insulin crystals which had previously been obtained from Abel gave a 
very positive test for zinc. Samples of commercial preparations of insulin 
were examined and likewise were found to contain zinc, though the 
amount of this metal varied from one sample to another. This, of course, 
is a fact not unrelated to previous findings that the early methods for the 
preparation of crystals could be used with reasonable success with some 
brands of insulin though not with others. Similar experiments were carried 
out using nickel and cobalt instead of zinc. These metals, in the same con- 
centration as in the zinc experiments, likewise greatly facilitated the forma- 
tion of insulin crystals. The effect of other elements was next determined. 
It was found that cadmium greatly aided the formation of insulin crystals 
but that no other elements tested had a beneficial effect. 

These experiments, then, showed that there are at least four metals, 
namely, zinc, cadmium, nickel, and cobalt, which aid in the preparation 
of insulin crystals and three of these (zinc, cobalt, and nickel) have been 
reported to be natural constituents of the pancreas. With a view to estab- 
lishing the common factor in the action of these four metals, Dr. Fisher 
and I determined the metal content of the ash from the insulin crystals 
obtained in the presence of each of the metals (14). From the data ob- 
tained, it seems highly probable that the insulin crystals contain the respec- 
tive metals (zinc, cobalt, cadmium, or nickel) as an essential constituent 
and in a characteristic amount. With these metals, crystallization takes 
place at pH 6.1. This is slightly above the isoelectric point of insulin, 
which was found by Wintersteiner and Abramson to be pH 5.3 (15). 

I should like now to describe in a little more detail the characteristics of 
insulin crystals. Crystals of insulin are slightly doubly refractive and have 
a refractive index of 1.58. Examined under the microscope, they present 
the appearance of cubes, or rhombohedra approximating to cubes, which 
stand on one corner thus giving rise to a hexagonal outline when first 
examined. When the liquid in which the crystals of insulin are suspended 
is made to flow from one side of a slide to the other, the crystals move, and 
in so doing roll over and expose various faces to view (16). A moving 
picture film showing the various faces of the crystals was made and from 
this film it was observed that the crystals present appearances quite unlike 
that commonly observed under the microscope. As the crystal rolls over it 
appears as an extremely flat, plate-like rhombohedron. Crystals which 
normaly appear to stand on a corner when viewed under the microscope 
are in all probability resting on one of the rhombohedral faces. Further, 
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the insulin crystal is in reality a twin and twinning has occurred along the 
trigonal axis, 

The science of chemistry is built upon the recognition of a substance by 
means of chemical and physical properties, so I should like to indicate 
some of the evidence which points to the fact that pure crystalline proteins 
are chemical entities, having characteristic properties. Some of the proper- 
ties examined when attempting to characterize a protein are chemical 
composition, shape and character of crystals, X-ray diffraction pattern, 
ultra-violet light absorption spectra, specific rotation, isoelectric point, 
sedimentation constant, diffusion constant, solubility, colour reactions, pre- 
cipitating reagents, heat and stability properties, definite conditions that 
bring about denaturation, and in the case of physiologically active sub- 
stances, a constant and specific activity. When a pure crystalline protein is 
subjected to these tests, definite and characteristic values are obtained indi- 
cating that a pure protein is a chemical entity. 

In conclusion, I should like to consider the question which naturally 
arises in the case of those substances possessing physiological activity, such 
as the crystalline enzymes, viruses, and hormones, namely, whether these 
proteins contain a prosthetic group which is responsible for their marked 
physiological properties or whether the whole molecule is essential for 
activity. In the case of iodothyreoglobulin, the principle of the thyroid 
gland, it is found that the biological activity is confined to one component 
of the protein, namely thyroxin, which can be separated. In this case 99 
per cent of the hormone protein can be discarded and the remaining part, 
the thyroxin, retains the activity and will function alone. This protein, 
however, is the exception rather than the rule, for as yet little progress has 
been made in the isolation of active prosthetic groups from other bio- 
logically active proteins. On the other hand, these other crystalline, bio- 
logically active substances may be analogous to haemogloblin. With this 
protein the prosthetic group, haematin, is attached to the protein carrier. 
If the haematin is separated from the protein carrier it is found to be 
incapable of replacing the original conjugated molecule in its physiological 
action. Nor is the carrier active alone. Both prosthetic group and protein 
are required, Thus in most of the crystalline, biologically active, protein- 
containing substances, if the specific protein carrier is removed or irrever- 
sibly damaged, there is a destruction of physiological activity. There re- 
mains still the final possibility that the remarkable physiological activity of 
these crystalline biologically active proteins may be due either to configura- 
tion of all the amino acids in the protein molecule or to certain specific 
groupings or linkages of the amino acids within the molecule. If this be 
true, the numerous difficulties which must be overcome to determine the 
exact groupings are obvious to every chemist. In placing the secret of bio- 
logical activity within the protein molecule, nature has selected one of the 
least understood and one of the most complex of all the compounds with 


which the chemist works. However, progress is being made. Thus, recently 
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du Vigneaud and his associates (17) succeeded in synthesizing oxytocin. 
This is the first instance of hormone of protein-like nature being synthe- 
sized. With the ever increasing knowledge that is developing in biological, 
physical, and organic chemistry it is to be hoped that other hormones, 
perhaps even true protein hormones, will be synthesized and that the secret 


of physiological activity in these proteins will be more clearly understood. 
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The Impact of Mathematics upon Zoology 


By R. A. WARDLE, F.R.S.C. 


grin is undergoing a relatively rapid transition from a descrip- 
tive science to a mathematical one. The moment is opportune there- 
fore for us to stand back a little and consider the impact of this transition 
upon the classical zoology in which many of us were trained. 

It is now almost forty-four years to the day since in innocent adolescence 

that halcyon period between infantry and adultery—I announced to a 
pessimistic professor of Zoology my considered threat to pursue Zoology 
and even to overtake her. 

My boyish ambition had germinated, I may say, not from the study of 
integral calculus, but from the stealthy perusal, in the privacy of my bed- 
room, of that Victorian equivalent of the crime comics, Haeckel’s Riddle 
of the Universe; and had been inflamed by the discovery of a tattered copy 
of Buffon’s Régne Animal—the great Buffoon, as a friend of mine wag- 
gishly remarked to an Edinburgh bookseller who forthwith conducted him 
to the shelf of George Bernard Shaw’s works. 

The comment of my chosen mentor was significant. He did not say, as 
I should have to say to such a brash young man today: no doubt you are 
familiar with methods of dispersion and skewness; I suppose, if I may 
mangle Milton, you have sported with Amaryllis in Tukeys Corner; you 
are clear, I hope, about the repulsive forces between closely saturated elec- 
tronic shells; and of course you have grasped all the angles of the New 
Clear Physics. 

No. He said simply: can you handle a shotgun? 

For in those days, you see, Zoology was a gentleman’s occupation. A 
seditious and pernicious doctrine, perhaps, that had robbed millions of 
souls of their hopes of salvation; but nevertheless the least useful and least 
commercially tainted of all the sciences; something far above those cads 
who merely studied stinks and sparks. 

Nowadays, when I sit down to a desk loaded with journals of zoological 
research findings and reprinted articles, most of which bear little resemb- 
lence to the Zoology of my adolescence—being largely solutions of ten 
dollar problems with ten thousand dollar equipment—I say with a sigh: 
God bless thee, Bottom, thou art translated; upon what meat does this, 
our Caesar feed?; and I reverently draw a lab duster over the calm sar- 
donic features of that bygone professor whose portrait hangs above my 
desk. 

Today, Zoology is emphatically no occupation for a gentleman, for 


=. 
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Zoology herself is no lady. She is a strip-tease artiste reverting rapidly to 
the pristine innocence of her childhood; and the grasping hands that are 
removing the veils are the hands of the mathematician. 

There is today little Zoology in the old sense of Faunal Zoology but 
rather a conglomeration of useful arts ranging from rat extermination to 
the amelioration of duck botulism. Here in Canada, for example, there is 
Zoological Society, no journal devoted purely to Zoology, no faunal marine 
laboratory, no zoological section of the Royal Society, and at this important 
meeting there are only three or four papers that deal with Zoology in the 
old sense of the term. 

The Zoology established by Thomas Henry Huxley and his disciples, 
who cut slices of tissue with bread knives and held them under microscopes 
with their thumbs, and shook the world with their findings—that Zoology 
is dead. 

The zoological laboratory of old, redolent of dogfish oil and formalin, 
its equipment mainly a few dissecting boards, a handful of two inch nails 
and a bungstarter, where with bated breaths we unveiled the beauties of 
the corpora cavernosa of the rabbit or the tortuosities of the opistho- 
branchiate nervous system, is no more. In its place is the enamelled glit- 
tering sanctum of spinthariscopes, spectroscopes, cryoscopes, radioscopes, 
halitosigraphs, spectrographs, urinoscopes, polariscopes, piddleometers, 
burpometers, and horoscopes. 


The young man who comes for advice as to a research problem is no 
longer told to go soak his head in the controversial waters of evolutionary 


biology but is led reverently to the shelf of apparatus catalogues and told 
to pick his apparatus and then we will pick a problem to fit it. 

For the hound of heave: that bas pursued Zoology down tiie arches of 
the years and finally brought her to bay is the new Physiology. Not the old 
Physiology that was driven from the zoological Eden by the flaming sword 
of that zoological archangel, Georges Cuvier; nor even that Physiology 
that has come to call itself Biochemistry; but the Physiology that is de 
facto Physics, and ipse facto Mathematics. 

Yet even in my salad days the writing was.on the wall had we but looked. 
‘The taxonomist was retreating timidly to the shelter of the museum. That 
trio of animal lovers, the sportsman, gamekeeper and field naturalist, hav- 
ing de-faunized the world’s countrysides, was taking to stamps and Ming 
pottery. There was even something we called botanical mathematics; lies, 
damned lies, and statistics, we said with hearty gusts of belly laughter; 
little dreaming that this lusty infant in years to come would, by shotgun 
wedding with Darwinism, produce that Messiah of evolutionary biology 
we call The Modern Synthesis, 

The first crude advances of Mathematics into Zoology we likened to the 


octopi and cuttle fishes, 
Those very sly and subtle fishes. 
Which do not own themselves defeated, 
But squirt a cloud of ink and beat it 
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Thus imitating in their capers 

The authors of mathematical papers. 
The air still rumbled with the distant thunder of the Entwicklungsmechanik 
controversies. Driesch and Haldane and Yves Delages were proclaiming 
the virtues of the Organism Theory. Daring souls were tentatively apply- 
ing the startling new technique of hydrogen ion determination to the love 
life of crabs. But the Zoology of Darwin and Romanes was dying on its 
feet. The first tinge of rust was gathering on scalpel and microtome, and 
although British zoologists at Lions Club dinners could still stand and wag 
their coattails and roar and drink that time-honoured toast—Here’s to 
Zoology and may it never be any damned use to anybody—they were roar- 
ing past the graveyard. 

For there was no zoological Churchill, except perhaps Edwin Ray 
Lankester, to announce that we will fight them on the beaches, and in the 
Linnean Society, and in the Zoological Society, and even on the floor of 
the Royal Society. 

Now I am not here to bury this new Caesar, even if I do not seem to 
praise him wholeheartedly. I would not have you think me an academic 
coelacanth. My teaching interests and my research interests are predom- 
inantly physiological; that is to say biochemical, for to my everlasting regret 
I scarcely understand enough mathematics to fill up my income tax form 
correctly, and my interest in Physics was strangled at birth by studying 
its elements under a Nobel Laureate. 

But I do devoutly believe that the future of what we used to call Zoology 
is in the hands of the mathematician. I know that J. S. Haldane used to 
proclaim fiercely that if ever Biology and Chemistry locked horns it would 
not be Biology that was swallowed; but Mathematics has, I fear, a wider 
gullet. 

I do wish, however, to point out that this New Deal is the tail on the 
biological dog itself, and by biological concensus a caudum cannot wag a 
corpus. There are many mysteries of the organism that would seem to defy 
and continue to defy the slide rule and the tagged particle. 

I feel uncomfortably that the wonderful tools and techniques of Zoo- 
mathematics are being wasted too often on trivialities. The fundamental 
problems of Zoology are above all the nature of living matter and the 
causes and mechanism of evolutionary change. 

I am conversant with, and appreciative of, the work of Claude and his 
associates upon the nature of protoplasm; the contributions of Muller, 
Klautz, Griswold, Jehle, Haurowitz to the nature of the Van der Waals 
forces of intermolecular attraction; and the contributions of the protein 
chemist towards the elucidation of genetic particles. These men and many 
others are exposing the underpinnings of living matter in a way that the 
classical methods of Zoology could never do. But I am uncomfortably 
aware of a mass of so-called biophysical findings that are largely pains- 
taking delineations of the obvious 

I am concerned, too, as a teaching zoologist, with the impact of these 
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mathematical approaches to the study of living matter upon the curricula 
of Zoology. Today, the teaching of structure and classification and dis- 
tribution has been relegated to seats so far back in the bleachers that they 
might as well not be in the field at all. Forty years ago, the zoological bac- 
calaureate had his limitations but at least he could recognize at sight 
several thousands of his potential animal clients and he did not sink to his 
knees and knock his forehead on the floor when the apparatus salesman 
entered his office. Today, I doubt whether he could recognize a couple of 
dozen species of animals. 

If the prerequisite to a career in Zoology is to be that knowledge of 
mathematics demanded, and rightly demanded, as a prerequisite to Chem- 
istry and Physics; if the symbol is to supersede the scalpel and the lens; 
then we shall close the door to many a future Darwin and Huxley. 

I think that if a thorough and wide-ranging knowledge of Zoology, and 
of Botany as well, was a prerequisite to a career in Biochemistry and Bio- 
physics, we might see less of the fierce energy now being lavished by the 
biochemist and biophysicist upon problems which are irrelevant to the 
elucidation of the fundamental phenomena of living matter. 

The zoological student today may be like 


. the man who said Damn, 

It is borne upon me that I am, 

A being that moves in predestined grooves, 

Not even a bus but a tram. 
But he should be at least conversant with the structure and variety of 
trams and not be like the lady who, believing she had mysteriously lost the 
engine of her Volkswagen, proposed to borrow a spare one from the trunk 
of another Volkswagen owner. 
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